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ABSTRACT 
This thesis describes the synthesis, characterization and structural 
elucidation of a variety of homodinuclear transition metal complexes. They 
have been characterized by microanalytical, spectral (IR, UV-Vis. 'HNMR), and 
thermal data, magnetic susceptibility and conductivity measurements. The 
structure of Cu2(dtc)4, has also been established by single X-ray crystallography. 
The introductory chapter describes the synthetic procedures and 
biological application of dithiocarbamates. It explains the stabilizing action, dual 
nature of bonding and metal directed self-assembled systems derived from alkyl 
dithiocarbamates. 
Template synthesis of homodinuclear transition metal complexes 
containing two dithiocarbamato groups has been described in the second unit. 
A condensation reaction was carried out between acetylacetone, diamine and 
carbon disulfide in the presence of a metal chloride, in one step, leading to the 
formation of a ring like complex. A tetrahedral geometry for the divalent and a 
distorted octahedral structure for trivalent transition metal ions have been 
proposed. 
The third chapter describes the synthesis and characterization of 
mononuclear transition metal dithiocarbamates. The sodium salts of diethyl and 
diphenyl dithiocarbamates prepared via insertion reaction of amine and carbon 
disulfide, in the presence of sodium hydroxide, were allowed to react with 
MCl2(PPh3) and MCl2(py)2 to yield the final products. The IR data suggest 
bidcntate coordination of dithiocarbamatcs. 
The ligands l,5,8,12-tetraa2acyclotetradeca-6,7,13,14-tetraaminoacetic 
acid-5,7,12,14-tetraene (L'), l,5,8,12-tetraazacyclotetradeca-6,7,13,14-tetraami-
nophenyl-5,7,12,14-tetraene (Lr) and l,5,8,12-tetraazacyclotetradeca-6,7,13,14-
tetraaminopyridyl-5,7,12,14-tetraene (iJ) have been synthesized by the reaction 
of N,N-dicarboxymethyloxamide, N,N-diphenyloxamide or N,N-dipyridyl-
oxamide with 1,3-diaminopropane, respectively. In order to investigate the 
coordination behaviour, their complexes with trivalent and divalent transition 
metal ions were prepared and characterized by elemental analyses, IR, 'HNMR 
and electronic spectra, magnetic moment and conductivity measurements. The 
resulting N4 macrocycles of the divalent metal ions were found to be non-ionic 
while those of the trivalent metal ions appear to be 1:1 electrolytes. An 
octahedral geometry is proposed for all of the complexes. 
In chapter five, piperazine bridged metal complexes of the type 
[M(etdtc)]2ppzdtc and [M'(etdtc)2]2ppzdtc [where M = Mn(II), Fe(II), Co(II), 
Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II), M' = Cr(III), Fe(III), etdtc = 
(S2NC5H],)) and ppzdtc = [S2C(NCH2CH2)2CSJ have been reported. The 
complexes have been obtained by the simultaneous addition of sodium 
diethyldithiocarbamate and sodium piperazine bisdithiocarbamate in metal 
chloride in 2: 1: 2 molar ratio. The presence of only one v(C-S) in the IR 
spectrum at around 1000 cm'' supports a symmetrical bonding of the 
dithiocarbamato moiety. The low molar conductance value of the complexes in 
DMSO at 25 °C indicates their non-electrolytic behaviour. The thermo-
gravimetric analysis showed only two step simple pyrolysis. Metal sulfide is 
found to be the eventual product in all the cases. The complexes of divalent 
metal ions appear to be tetrahedral excepting Cu(II) and Ni(II), which are 
square-planar while those of trivalent metal ions are octahedral, which is also 
corroborated from their electronic spectra and magnetic moments. 
Syntheis of diethyldithiocarbamato complexes of transition metal ions of 
the type M(dtc)2 and M'2(dtc)4 (M = Mn(II), Co(II), Ni(II), M' = Fe(II), Cu(II) 
and dtc = S2CN(C2H5)2 is the subject of chapter six. From the spectral and 
magnetic moment data, a square-planar geometry has been proposed for the 
Ni(II) ion while the Mn(II), Fe(II) and Co(II) have been proposed to have a 
distorted-octahedral geometry. They are non-conducting in DMSO. It has been 
found from x-ray crji'stallographic data that Cu2(dtc)4 has a distorted square-
pyramidal structure composed of centrosymmetric neutral dimeric [Cu2(dtc)4] 
entities having -P2i/n space group. Each Cu(II) atom is bonded tc two 
bidentate dithiocarbamato groups and one of the sulfur atoms from each unit 
111 
acts as a bridge between two copper atoms of neutral dimeric entity, Cu2(dtc)4. 
It occupies the apical position of the symmetry related to copper atom in the 
dimeric structure resembling as two edge sharing distorted square-pyramids 
having unit ceU dimensions, a = 9.909(2), b = 10.622(3), c = 15.513(3) A. 
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This thesis describes the synthesis, characterization and structural 
elucidation of a variety of homodinuclear transition metal complexes. They 
have been characterized by microanalytical, spectral (IR, UV-Vis. ^HNMR), and 
thermal data, magnetic susceptibility and conductivity measurements. The 
structure of Cu2(dtc)4, has also been established by single X-ray crystallography. 
The introductory chapter describes the synthetic procedures and 
biological application of dithiocarbamates. It explains the stabilizing action, dual 
nature of bonding and metal directed self-assembled systems derived from alkyl 
dithiocarbamates. 
Template synthesis of homodinuclear transition metal complexes 
containing two dithiocarbamato groups has been described in the second unit. 
A condensation reaction was carried out between acetylacetone, diamine and 
carbon disulfide in the presence of a metal chloride, in one step, leading to the 
formation of a ring like complex. A tetrahedral geometry for the divalent and a 
distorted octahedral structure for trivalent transition metal ions have been 
proposed. 
The third chapter describes the synthesis and characterization of 
mononuclear transition metal dithiocarbamates. The sodium salts of diethyl and 
diphenyl dithiocarbamates prepared via insertion reaction of amine and carbon 
disulfide, in the presence of sodium hydroxide, were allowed to react with 
MCl2(PPh3) and MCl2(py)2 to yield the final products. The IR data suggest 
bidentate coordination of dithiocarbamates. 
The ligands l,5,8,12-tetraa2acyclotetradeca-6,7,13,14-tetraaniinoacetic 
acid-5,7,12,14-tetraene (L'), l,5,8,12-tetraazacyclotetradeca-6,7,13,14-tetraami-
nophenyl-5,7,12,14-tetraene (Lr) and l,5,8,12-tetraazacyclotetradeca-6,7,13,14-
tetraaminopyridyl-5,7,12,14-tetraene (jJ) have been synthesized by the reaction 
of N,N-dicarboxymethyloxamide, N,N-diphenyloxamide or N,N-dipyridyl-
oxamide with 1,3-dianiinopropane, respectively. In order to investigate the 
coordination behaviour, their complexes with trivalent and divalent transition 
metal ions were prepared and characterized by elemental analyses, IR, 'HNMR 
and electronic spectra, magnetic moment and conductivity measurements. The 
resulting N4 macrocycles of the divalent metal ions were found to be non-ionic 
while those of the trivalent metal ions appear to be 1:1 electrolytes. An 
octahedral geometry is proposed for all of the complexes. 
In chapter five, piperazine bridged metal complexes of the type 
[M(etdtc)]2ppzdtc and [M'(etdtc)2]2ppzdtc [where M = Mn(II), Fe(II), Co(II), 
Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II), M' = Cr(III), Fe(III), etdtc = 
(S2NC5H,,)) and ppzdtc = [S2C(NCH2CH2)2CS2] have been reported. The 
complexes have been obtained by the simultaneous addition of sodium 
diethyldithiocarbamate and sodium piperazine bisdidiiocarbamate in metal 
chloride in 2: 1: 2 molar ratio. The presence of only one v(C-S) in the IR 
spectrum at around 1000 cm'^  supports a symmetrical bonding of the 
dithiocarbamato moiety. The low molar conductance value of the complexes in 
DMSO at 25 °C indicates their non-electrolytic behaviour. The thermo-
gravimetric analysis showed only two step simple pyrolysis. Metal sulfide is 
found to be the eventual product in all the cases. The complexes of divalent 
metal ions appear to be tetrahedral excepting Cu(II) and Ni(II), which are 
square-planar while those of trivalent metal ions are octahedral, which is also 
corroborated from their electronic spectra and magnetic moments. 
Syntheis of diethyldithiocarbamato complexes of transition metal ions of 
the type M(dtc)2 and M'2(dtc)4 (M = Mn(II), Co(II), Ni(II), M' = Fe(II), Cu(II) 
and dtc = S2CN(C2H5)2 is the subject of chapter six. From the spectral and 
magnetic moment data, a square-planar geometry has been proposed for the 
Ni(II) ion while the Mn(II), Fe(II) and Co(II) have been proposed to have a 
distorted-octahedral geometry. They are non-conducting in DMSO. It has been 
found from x-ray crystallographic data that Cu2(dtc)4 has a distorted square-
pyramidal structure composed of centrosymmetric neutral dimeric [Cu2(dtc)4] 
entities having P2]/n space group. Each Cu(II) atom is bonded to two 
bidentate dithiocarbamato groups and one of the sulfur atoms from each unit 
111 
acts as a bridge between two copper atoms of neutral dimeric entity, Cu2(dtc)4. 
It occupies the apical position of the symmetry related to copper atom in the 
dimeric structure resembling as two edge sharing distorted square-pyramids 
having unit ceU dimensions, a = 9.909(2), b = 10.622(3), c = 15.513(3) A. 
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Introduction 
INTRODUCTION 
The interest in the area of multimetallic compounds is due to their 
enhanced stability. Metal coordination also occurs in many biological 
processes involving metal-enzyme systems^ "^ . In the present work, the 
discussion will be predominandy limited to heterometalUc systems 
containing sulfur and nitrogen linkages'^ "^  
Ligand reactions range from some very simple single-step processes 
to very sophisticated and complicated multi-step processes. Some reactions 
take place in close proximity to the metal ion and require direct involvement 
of one or more donor atoms while others occur at the periphery of the 
Hgand and owe nothing to the coordination of the ligand to the metal ion'''^ *^ . 
The metal-directed self-assembly of polydentate Ugands have several 
advantages over conventional synthesis"'^ ^. Most notable examples of 
inorganic self-assembUes include helicates, cages, ladders, racks and grids'^ '"". 
In addition, metal ions provide a range of coordination geometries, binding 
strengths and redox properties, which may be exploited in self-assembly 
processes "". 
The coordination chemistry of the dithiocarbamate has been 
extensively explored but its application in the area of self-assembly has only 
recentiy been reported"^ '^ '*. 
The distinctive feature of dithiocarbamato moiety is its robust nature 
to remain intact under a variety of reaction conditions"^ They are versatile 
chelating ligands and form a variety of stable complexes with interesting, 
and quite often, novel properties. Dithiocarbamate and related compounds 
are known for their application as NO-trapping agent, lubricant, vulcanizer, 
photovoltaic material, holographic recording system and solar control 
devices '^''^ .^ They are explicitiy employed to stabilize a wide range of 
oxidation states of different metal ions^'. 
Nowadays copper(II) dithiocarbamates are successfully employed as 
single source precursor for the growth of semi-conducting copper sulfide 
thin films''^  while the iron(II) and iron(III) dithiocarbamates have been 
studied for their spin-crossover phenomenon^\ and as oxidants in biological 
systems'^. Diethyldithiocarbamate is also known to inhibit the activity of 
Cu/Zn-superoxide dismutase (SOD) through the withdrawal of copper 
from the protein, both in vivo and in vitro, as the Cu and Zn ions have 
relatively greater affinity for binding to sulfur ligands than others^ .^ Some 
dialkyl-substituted dithiocarbamates have proved to be efficient anti-
alkylating, anti-HIV and froth-floatation agents^ '*. Their optical and 
electrochemical properties can effectively be used to construct sensors for 
guest molecules^ .^ 
Dithiocarbamates have assumed importance owing to their dual 
property of acting both as monodentate as well as bidentate chelating 
ligand"^ '^ "^ .^ The synthetic utility of dithiocarbamato moiety (M-SjCNRj) is 
due to the inclusion of a large variety of organic substituents (R) in the 
stable ligand. 
Recently, several studies pertaining to the pharmacological and 
biological aspects of dithiocarbamates have been reported^ '^^ '^  They have 
been safely and efficiendy used in the treatment of HIV-infected patients''°. 
For instance, alkyltin(IV)dithiocarbamates have been investigated for their 
antitumour activity'*'"'*", and the activity has been attributed to chelation and 
transport of the organic moiety. It has been reported that disulfiram 
(disulfide of diethyldithiocarbamate) [1] inhibits kidney flavoenzyme through 
a sulfhydryl-disulfide exchange reaction with the protein's reactive sulfhydryl 
group"*'. It has also been reported that dithiocarbamates inhibit the activity 
of glutathione S-transferase by direct binding to the protein'* .^ 
C2H5-
C2H5 
C2H5 
'C2H5 
[1] 
Complexes of dithiocarbamates of almost all the transition metal ions 
are known''^ "'^  and can conveniently be obtained in high yields by direct 
addition of carbon disulfide to an amine in the presence of an alkali in 
aqueous or non-aqueous media''^ . 
Carbon disulfide has three bonding modes: end-on, via S r)' [2], r|~ [3] 
and the bridging type"***"^*^  between two metal centers r|^  [4]. The evidence for 
these three bonding types is largely spectroscopic^'. The unique feature of 
CS2 is its ability to show a variety of insertion and disprotonation reactions. 
It readily inserts into metal alkyl and metal hydride bonds at room 
temperature or under milder thermolytic conditions to form 
dithiocarboxylate or dithioformate complexes where the CS2 motif is bound 
to the metal in either rf or ly' fashion^-'". 
CI f ^ S 
M S C S M — V M C M' 
PPhsP 
py 
[2] [3] [4] 
^' r]' V 
The metal-directed self-assembly has been proved to be advantageous 
over conventional covalent synthesis^ '*. For instance, few basic subunits can 
be assembled in just one or a few steps and the construction process can be 
readily controlled as it employs reversible bonds. 
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Chapter - II 
Self Assembled Capsule Type Metal 
Dithiocarbamates 
SELF ASSEMBLED CAPSULE TYPE METAL 
DITHIOCARBAMATES 
Dithiocarbamates (dtc) are the chief reaction products obtained by 
the interaction between carbon disulfide and primary amine or secondary 
amine in basic medium^ Much of the interest in the synthesis of these 
compounds is due to their utility as coadjuvant in AIDS treatment^. They 
have also been proposed to possess anti-tuberculosis and anti-cancer 
activities^"*. Dithiocarbamates are widely used in analytical chemistry^"^, and 
as fungicides, pesticides and insecticides^"^. 
In the present work, we wish to report a convenient one-pot 
synthesis of the transition metal dithiocarbamates via template procedure. 
The synthesis, characterization and thermal properties of dinuclear 
macrocycles based on metal-dithiocarbamates have been studied in detail. 
The complex is designed such that two dithiocarbamato anions are 
suspended through acetylacetonato moiety as shown in scheme 1-3. 
A condensation reaction was carried out between acetylacetone, 
diamine and carbon disulfide in the presence of a metal chloride, in one 
step, leading to the formation of a ring Hke complex (Scheme 1-3). 
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EXPERIMENTAL 
Hydrated metal chlorides (BDH), acetylacetone, carbon disulfide 
(Merck), hydrazine hydrate and ethylenediamine (Ranbaxy) were used as 
received. Methanol was distilled before use. Elemental analyses (C, H, N and 
S) were carried out with a Flash EA-1112 Analyser, CE Instrument. IR 
spectra (4000-400 cm'^ ) were recorded on a FT-IR Perkin-Elmer Spectrum 
BX as KBr disc while the 600-200 cm"^  range were scanned with Csl on 
Nexus FT-IR Thermo Nicolet, (Madison, Wisconsin). The conductivity 
measurements were carried out with a CM-82T Elico conductivity bridge in 
DMSO. The electronic spectra were recorded on a Cintra 5GBC 
spectrophotometer in DMSO. Magnetic susceptibility measurements were 
done with a Sherwood Scientific MSB Auto at room temperature. 
TGA/DSC were performed widi a Universal V3.8 B TA SDT Q600 Build 
51 Thermal Analyzer under nitrogen atmosphere, using alumina powder as 
reference material. The heating rate was maintained at 10 °C/min. The 
metal contents were estimated by complexometric titration'" while the 
chlorine was determined gravimetrically as AgCl in the case of Cr(III) and 
Fe(III) complexes". 
Synthesis of the Complexes Derived from Hjdra^ne 
To acetylacetone (20.0 mmol, 2.05 mL) in methanol (20.0 mL), was 
added slowly a methanolic solution (10.0 mL) of hydrazine hydrate (40.0 
mmol, 1.94 mL) with continuous stirring to obtain a creamish solution, 
which on stirring for a while becomes transparent. To this reaction mixture 
was added carbon disulfide (40.0 mmol, 2.41 mL) and a methanolic solution 
(20.0 mL) of the metal chloride (20.0 mmol) to obtain immediate 
precipitation of the desired metal dithiocarbamate (Scheme 1). The 
precipitate was filtered, washed thrice with methanol and dried over calcium 
chloride in vacuo. 
Synthesis of the Complexes Derived from Ethylenediamine 
To 40 mL methanolic solution of acetylacetone (20.0 mmol, 2.05 
mL), neat ethylenediamine (40.0 mmol, 2.67 mL), carbon disulfide (40.0 
mmol, 2.41 mL) and hydrated metal chloride (20.0 mmol) dissolved in 20 
mL of the same solvent, were added simultaneously in a single pot. Brisk 
precipitation occurred, which was isolated, thoroughly washed with 
methanol and dried over calcium chloride in vacuo. 
RESULTS AND DISCUSSION 
The microanalytical data (Table I) correspond to the composition 
M2(hdtc)2, M^2(etdtc)2 and [M'(etdtc)Cl]2 where M = Co(II), Ni(II), Cu(II), 
Zn(II), Cd(II), Hg(II), M^ = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), 
Cd(II), Hg(II), M^ = Cr(III), Fe(III), hdtc = (S2N2C3H4)2CH2 and etdtc = 
(S4N4C,]H,8) as shown in scheme 1 to 3. The complexes are stable to 
moisture and heat. The molar conductance of one miUimolar solution of the 
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complexes measured in DMSO are indicative of their non-electrolytic 
nature'". 
IR Spectra 
Prominent peaks are listed in table II. The region 950-1050 cm"' is 
considered characteristic of the nature of binding of the dithiocarbamato 
moiety. According to the criterion of Ugo and Bonati'\ the presence of a 
solitary band in the above region is due to symmetrical bidentate 
coordination of the dithiocarbamato group while the splitting of this band 
within a narrow range of 20 cm'' is due to the unsymmetrical monodentate 
nature of the dithiocarbamato group shown below: 
I^N—C M C—NR2 I^N—C M r — M ^ 
Bidentate symmetrical bonding Monodentate unsymmetrical bonding 
In the present study, a single sharp band of high intensity has been 
observed in 975-1051 cm"' range, suggesting symmetrical bidentate binding 
of the dithiocarbamato moiety'"*. It has been shown from the crystal and 
molecular structure of [NiCl(t2dtc)(PPh3)]0.5CHCl3 that the C-N and C-S 
bond distances are shorter than the corresponding C-N and C-S distances 
in pyridine and thiophene, respectively, which is due to the delocalization of 
electrons'^ over die entire NCSj group after chelation (as shown below). 
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Consequently the C-N and C-S stretching frequencies of the 
thioureide band are also altered (Table II) showing partial double bond 
character of the S2CN. It has been shown from a study of the alkyl 
dithiocarbamates that the lengthening of the alkyl chain is accompanied by a 
decrease in v(C-N) although v(C-S) remains unaltered as it is insensitive to 
the nature of the alkyl substituents'^ The v(M-S) occurring in the far-IR 
region depends on the nature of the metal ion and the alkyl substituents on 
the nitrogen atom'^. We have observed medium intensity v(M-S) in the 
527-412 cm"' range, which is in agreement with the observations made by 
Sonbati'^ 
On the basis of normal coordinate analysis of non-planar halogen 
bridged molecules, it has been found that the bridging v(M-X) are 40-45 %, 
lower than the terminal v(M-X)'^'^'. Four of the eight IR active vibrations 
of a non-planar bridging X2Yg type molecule, appearing in lower wave 
number region are due to bridging M-X bonds. These frequencies increase 
with increasing oxidation number of the metal ion, v,, V(^, Vjj and v^-j 
vibrations, observed in the case of [Fe(etdtc)Cl]2, have been found to appear 
at 248, 278, 296 and 331 cm"', respectively. The magnetic moment is not 
very conclusive (3.67 B.M.) but it may be due to an equilibrium between 
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high and low-spin Fe(III)^". Moreover, a halogen bridged structure of this 
compound would be more stable with respect to non-halogen bridged five 
coordinate Fe(III) (Scheme 3). 
For a triply bridged CrjCL,'', there are twelve infra red active bands 
above 200 cm"^  but only two terminal v(Cr-Cl) are observed, which are 
stronger than the bridging ones. The two strong v (Cr-CI) are terminal while 
the weaker ones have been ascribed to bridging Cr-Cl bonds"^ """*. We have 
observed two weak intensity bands in the case of [Cr(etdtc)Cl]2 which are 
assigned to bridging v(Cr-Cl) (Table II). 
Electronic Spectra and Magnetic Moments 
The octahedral Cr(III) ion is known to exhibit two prominent bands 
at 17,000 and 24,000 cm"' besides a very weak charge transfer as a shoulder 
at 37,000 cm'^ The other weak absorptions are insignificant as they are spin 
forbidden. Three bands observed in the case of [Cr(etdtc)Cl]2 have been 
assigned to the transitions arising from ^K^^ ground term to three excited 
quartet terms (Table III). The magnetic moment of 3.74 B.M. found for 
three unpaired electrons and the d-d bands are suggestive of an octahedral 
geometry for the Cr(III) ion in the [Cr(etdtc)Cl]2 complex^^ The Racah 
parameters are indicative of considerable metal-ligand bond character. 
In the case of tris(dialkylditiiiocarbamate)Fe(III), a trigonally distorted 
octahedral structure has been shown"^ However, when one or two 
15 
dithiocarbamate groups are substituted by other bidentate ligands, the extent 
of distortion increases. It has been shown by Hoskins and White"^ from the 
crystal and molecular structure of monochlorobis(diethyldithiocarbamate) 
Fe(III) that it has a square-pyramidal structure. It is monomeric in solid state 
with a magnetic moment value of 3.90 B.M. In the present complex, 
[Fe(etdtc)Cl]2, each Fe(III) atom is surrounded by four sulfur atoms and one 
free chlorine. The proximity of the chlorine may be a reason for chlorine 
bridged octahedral structure. The room temperature magnetic moment of 
3.67 B.M. has been observed for [Fe(etdtc)Cl]2, which may be regarded as a 
population-weighted-average^^ due to the spin-cross between high (|ieff- 5.9 
B.M.) and low-spin (\x^i( = 1.88 B.M.). The electronic spectral bands at 
27,548; 24,509 and 19,032 cm'' further support the proposed octahedral 
geometry for the [Fe(etdtc)Cl]2 complex. 
The characteristic colour of the tetrahedral Mn(II) complexes is 
generally yellow or yellowish green as opposed to octahedral Mn(II) 
complexes. The Mn2(etdtc)2 exhibits yellowish green tinge that absorbs in 
the visible region at 24,630 cm"' assigned to "^i <r- ^A^ transition. In 
addition, it also shows two charge transfer bands at 32,051 and 30,674 cm''. 
The magnetic moment of the Mn(II) in the Mn2(etdtc)2 complex (5.72 B.M.) 
is close to the spin only value indicating a tetrahedral arrangement around 
the Mn(II) ion'^ 
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The tetrahedral high-spin Fe(II) complex shows one spin allowed d-d 
band in the visible region at 21,052 cm"' corresponding to ^E <- ^2' 
transition. The magnetic moment of the tetrahedral Fe(II) complexes lies 
between 5.0-5.5 B.M. corresponding to four unpaired electrons while we 
have obtained a value of 5.05 B.M. which is consistent with the tetrahedral 
nature'" of the Fe(II) ion in Fe2(etdtc)2. 
The electronic spectrum of the yellow Co2(hdtc)2 complex exhibits a 
band at 14,765 cm , which may be assigned to the T (P) <— A transition. 
The square-planar complexes of Co(II) are not very common although the 
room temperature magnetic moment (ranging from 2.1 to 2.8 B.M.)'^  
suggests that the complex is square-planar with low spin state. However, for 
the tetrahedral Co2(etdtc)2 two bands are observed at 15,600 and 22,471 cm"' 
corresponding to '^2(F) <" '^•^2(P) and '^i(F) <- '*A2(F) transitions, 
respectively, in addition to a charge transfer at 27,100 cm"'. The magnetic 
moment of tetrahedraP" Co(II) complexes, lies in the range 4.2^.7 B.M. 
while for the octahedral Co(II) complexes it falls between 4.4-5.5 B.M. The 
observed value in this work is 4.38 B.M. The ligand field spectrum and 
magnetic moment value suggest a tetrahedral environment around the 
Co(II) ion. 
The electronic spectra of diamagnetic square-planar / complexes of 
the Ni(II) involving four Ni-S bonds appear to be unaffected by the nature 
of the solvent'l They are spin-paired and diamagnetic. Another feature of 
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the Ni-S4 system is the presence of high intensity absoqjtion bands, which is 
also the case in the present investigation. In the electronic spectrum of 
Ni,(hdtc),, there are two maxima at 22,368 and 12,087 cm"\ which may be 
attributed to B <— A and A <- A transitions, respectively. The 2g ig 2g ig ' r / 
magnetic moment of the complex is temperature dependent. Certain square-
planar Ni(II) complexes show magnetic moments between 0-3.2 B.M. in 
the soUd state. It is thought that the solid complex, perhaps, contains the 
nickel(II) ion in both a square-planar and an octahedral environment^'. In 
the present work, the value of 2.35 B.M. is suggestive of a square-planar 
geometry for the Ni(II) ion. 
However, in the case of Ni2(etdtc)2, two d-d bands are observed at 
15,503 and 23,696 cm'^  corresponding to the A^jg <- A^^ g and B^jg <- A^,g 
transitions, respectively, which support a square-planar structure for the 
Ni(II) complex'^ (Table II). 
The green Cu2(hdtc)2 complex shows a broad band near 33,322 cm"^  
due to charge transfer while two bands at 17,346 and 10,945 cm'^  are 
2 •' 2 ' 
assigned to "A^  <- "B^  and E <- "B^  transitions, respectively. Because of 
the separation between the d-orbitals of the order of 10,000 cm'\ the 
magnetic moment for the Cu(II) ion is approximately 15 % higher than the 
theoretical value. A value of 1.83 B.M.'^  for the Cu(II) ion lies in the 
expected region as has been found for Cu(dimethylglyoximate)2 confirming 
the proposed square-planar geometry for the Cu,(hdtc),. 
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Similarly, the Cu2(etdtc)2 complex shows two d-d absorptions at 
18,384 and 13,330 corresponding to "A, <-'B, and "E <-"B, transitions, 
respectively, and a charge transfer band at 24,570 cm''. A value of 1.81 B.M. 
found for the Cu(II) ion is well within the expected region for the square-
planar Cu(II) complexes. 
Thermo Gravimetric Analysis and Differential Scanning Calorimetery 
The TGA of the Co2(hdtc)2, Ni2(hdtc)2 and Cu2(hdtc)2 have been 
recorded under nitrogen atmosphere (Table IV) The pattern of pyrolysis of 
the complexes is simple and essentially similar'^  because of the insensitive 
nature of the metal ions. The first thermal degradation indicated a weight 
loss of ~ 9 % in the temperature range of 60-180 °C corresponding to four 
terminal methyl groups of the complex liberated as methane. The second 
stage of pyrolysis occurs in between 180-380 °C corresponding to four CS2 
groups constituting 45 % of the total weight (Table IV) In the subsequent 
step, nearly 28 % of the weight loss is observed, which is equal to the 
remaining part of the organic molecule. Since thermograms were obtained 
under nitrogen atmosphere, only metal was left in the end^^ . 
In the case of M^2(etdtc)2 {where M^ = Mn(II), Fe(II), Co(II), Ni(II) 
and Cu(II)}, the observed per cent weight loss corresponding to various 
steps of the thermograms were compared (Table V) with those calculated on 
the basis of possible decomposition of different groups^^ After pyrolysis, 
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the dithiocarbamato complexes either volatilize leaving behind metallic 
residue or yield respective metal sulfide''*. In the present study, the TGA 
profile consists of three well defined stages. There is no weight loss upto 
130 °C implying the absence of water. The first degradation step starts at 
142 °C and continues upto 194 °C. Nearly 9 % weight loss is observed that 
corresponds to two methyl groups released as methane (calcd. .8.2 %). The 
second decomposition step starts from 200 °C and continues upto 550 °C, 
which constitutes approximately 65 % (calcd. 64.2 %) mass of the 
complex^l Finally, the thermogram showed a straight line which did not 
change even on heating upto 700 °C. It is, therefore, concluded that the 
metal sulfide is the final product in this case. 
The DSC profile exhibits enthalpic changes from endothermal and 
exothermal bands and peaks. In the present case, the DSC peaks correlate 
well with the TGA data. A sharp endothermic peak is observed in the 
temperature range of 150-200 °C due to the liberation of methane while a 
broad exothermic peak is obtained (300-400 °C) due to the pyrolysis of the 
whole organic moiety. However, there is no well defined exotherm or 
endotherm for the formation of metal sulfide. 
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Table II. Important IR bands (cm"^ ) and their assignments. 
Compounds 
Co2(hdtc)2 
Ni2(hdtc)2 
Cu2(hdtc)2 
Zn2(hdtc)2 
Cd2(hdtc)2 
Hg2(hdtc)2 
Mn2(etdtc)2 
Fe2(etdtc)2 
Co2(etdtc)2 
Ni2(etdtc)2 
Cu2(etdtc)2 
Zn2(etdtc)2 
Cd2(etdtc)2 
Hg2(etdtc)2 
[Cr(etdtc)Cl]2 
[Fe(etdtc)Cl]2 
v(M-Cl)b 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
256 m 
283 m 
(278, 296) m 
(248, 331) s 
v(M-S) 
412 m 
422 m 
423 m 
423 m 
415 m 
422 m 
508 m 
508 m 
464 m 
442 m 
461m 
467 m 
474 m 
488 m 
502 m 
527 m 
v(C-S) 
975 s 
980 s 
999 s 
979 s 
961s 
1038 s 
1017 s 
1034 s 
1051s 
1036 s 
1039 s 
1033 s 
1035 s 
1034 s 
1034 s 
1034 s 
v(C=N) 
1617 m 
1618 m 
1614 m 
1616 m 
1597 m 
1617 m 
1601m 
1601m 
1602 m 
1601m 
1601m 
1602 m 
1601m 
1601m 
1602 m 
1601m 
Thioureide band 
1510 s 
1518 s 
1520 s 
1515 s 
1528 s 
1524 s 
1520 s 
1511s 
1516 s 
1540 s 
1532 s 
1515 s 
1510 s 
1513 s 
1511 s 
1522 s 
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Table TV. Thermal degradation of various fragments of Co2(hdtc)2, Ni2(hdtc)2 and 
Cu2(hdtc)2. 
Fragments Co2(hdtc)2 Ni2(hdtc)2 Cu2(hdtc)2 Temperature Range 
(°Q 
Four methyl groups 9.04 9.03 8.84 60-180 
Weight loss, found (8.9) 
(Calc), % 
Four CS2 groups 44.98 45.06 44.38 180-380 
Weight loss, found (45.11) 
(Calc), % 
Organic moiety 28.39 28.33 28.16 380-575 
Weight loss, found (28.46) 
(Calc), % 
Metal Residue 17.42 17.42 18.38 575-800 
Weight loss, found (17.45) 
(Calc), % 
(8.91) 
.  
(45.14) 
(28.48) 
(17.39) 
(8.78) 
.  
(44.49) 
(28.04) 
(18.56) 
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Scheme 1. Template synthesis of metal dithiocarbamates of the type 
M2(hdtc)2 where M = Co(II), Ni(n), Cu(II), Zn(II), Cd(II), 
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Chapter - III 
Synthesis, Characterization and 
Thermal Studies of Mononuclear 
Transition Metal Dithiocarbamates 
SYNTHESIS, CHARACTERIZATION AND THERMAL STUDIES 
OF MONONUCLEAR TRANSITION METAL 
DITHIOCARBAMATES 
Carbondisulphide is generally used for the preparation of 
thiocarbonyl, thioacyl, dithiocarbene, xanthates, dithiolates, 
cyanodithioiniidocarbonate and dithiocarbamates'"\ Complexes of these 
ligands are used in the chelation of heavy metal ions, quantitative/qualitative 
estimation of many metals like Ni, Cu, Zn and Hg etc'*, catalysis^ and in 
biology''. All the alkyl dithiocarbamates are known to inhibit the activity of 
choline esterase in the living beings. The relationship between anticholine 
esterase activity of dithiocarbamates and their structure is complex. A large 
number of derivatives of dithiocarbamic acid possess fungicidal properties. 
Some of the commercially known dithiocarbamates used as insecticides are 
those of manganese, zinc and iron, commonly known as Maneb, Zineb and 
Pergaon, respectively''" .^ 
One of the most striking properties of the dithiocarbamate group is 
its high nucleophilicity, which leads to a large number of biologically active 
derivatives^ Since the transition metal complexes with dithiocarbamates and 
xanthates are partially coordinatively unsaturated'', they can further 
coordinate with neutral molecules like pyridine, bipyridine or 
phenanthroline'*'. Although compounds with MS,?, chromophore are 
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known""'", no compound with MS4P2 or MS4py2 chromophore seems to 
have been reported thus far. 
In view of the diverse application of dithiocarbamates'\ biological 
importance of phosphine and pyridine'"^'^ we thought it worthwhile to study 
complexes containing MS4P2 or MS4 py, chromophore to ascertain the mode 
of linkage of dithiocarbamato moiety in the presence of phosphine or 
pyridine. In this project, we are reporting the interaction of [MCl2(py)9] and 
[M"(PPh3)2Cl2] with sodium diethyldithocarbamate leading to the synthesis 
of the complexes of the type [M(dtc)2(py)2], [M(pdtc)2(py)2] and 
[M^(dtc)2(PPh3)2] where M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), 
M^ = Co(II), Ni(II), Zn(II), Hg(II), py = pyridine, dtc = 
diethyldithiocarbamate, pdtc - diphenyldithiocarbamate and PPhj = 
triphenylphosphine. 
EXPERIMENTAL 
Synthesis of sodium diphenyl dithiocarhamate (Napdtc) 
To a methanolic solution (50 ml) of diphenylamine (50 mmol, 8.46 g) 
taken in an ice bath was added carbon disulphide (50 mmol, 3.02 mL) and 
NaOH (50 mmol, 2.0 g) dissolved in minimum amount of water. This 
mixture was continuously stirred for four hours and left overnight to yield 
needle shaped crystals. It was filtered, washed repeatedly with methanol, 
cold diethyl ether and dried in vacuo. Yield: 65-80%. 
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Synthesis oJMCl2(py^ 
A methanolic solution of hydrated metal(II) chloride (25 mL) was 
added to a methanolic solution of pyridine (15 mL) in 1:2 molar ratio over a 
period of half an hour. The reaction mixture was left overnight, which 
yielded the complex. It was isolated by filtration, washed with methanol and 
dried in vacvo. Yield: 60-75%. 
Synthesis of the M(pj)2(dtc)2 
A methanolic solution of MCI2 pyj (25 mL) was added to a methanolic 
solution (20 mL) of sodium diethyldithiocarbamate (Nadtc) in 1:2 molar 
ratio with continuous stirring for about one hour. The solid product thus 
obtained was left overnight, isolated by filtration, washed with methanol and 
dried in mmo (Scheme 1). Yield: 68-75%. 
Synthesis of the Mpj2(pdtc)2 
A methanolic solution of MCljpys (25 mL) was added to a methanolic 
solution (20 mL) of sodium diphenyldithiocarbamate (Napdtc) in 1:2 molar 
ratio with continuous stiirring for about two hours. A precipitate was 
obtained after standing for fifteen minutes. It was isolated by filtration, 
washed witii metiianol and dried in vacuo (Schemel). Yield: 68-75%. 
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Synthesis of Co(PPh,)2(dUJ2 
To a methanoUc solution (30 mL) of CoC^CPPhj),'' (2 mmol, 1.31 g) 
in a round bottom flask mounted on a magnetic stirrer, was added, 
dropwise, a methanolic solution (20 mL) of sodium diethyldithiocarbamate 
(4 mmol, 0.90 g), which instantaneously yielded a green precipitate. It was 
further stirred for 4 hours and the precipitate was decanted, repeatedly 
washed with methanol and ether. It was dried over calcium chloride in vacuo 
(as depicted in scheme 2). Yield: 68% 
Synthesis ofNi(PPh,)2(dtc)2 
A methanoUc solution (20 mL) of sodium diethyldithiocarbamate 
(4 mmol, 0.90 g) was transferred to a well-stirred blue solution of 
NiCl,(PPh3)2^^ (2 mmol, 1.31 g) in 30 mL THF. It immediately afforded an 
olive-green precipitate at room temperature. The stirring was continued for 
six hours and the precipitate was filtered, washed with methanol and dried 
over calcium chloride in vacuo (scheme 2). Yield: 55% 
Synthesis ofZn(PPh})2(dtc)2 
Twenty mL solution of ZnCl2(PPh3)2 '^  (2 mmol, 1.32 g) in hot 
acetonitrile was added dropwise, witii continuous stirring, to a methanolic 
solution (20 nxL) of the ligand (4 mmol, 0.90 g). The compound thus 
obtained was decanted, washed with ether and methanol and dried over 
calcium chloride in vacuo. Yield: 60% 
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Synthesis ofHg(PPh,)2(dkJ2 
To a solution of HgCl2(PPh3)2 ''^  (2 mmol, 1.59 g) in hot acetonitrile 
(30 mL) was added dropwise, with continuous stirring, a methanolic 
solution (20 mL) of sodium diethyldithiocarbamate (4 mmol, 0.90 g). A 
colour change from white to fluorescent green was observed, nevertheless 
the stirring was continued for six hours and the reaction mixture was left 
overnight to yield a light yellow compound. It was washed with methanol 
and ether and dried in vacuo. Yield: 58%. All the preparations were done at 
room temperature. 
RESULTS AND DISCUSSION 
The complexes of the type [M(dtc)2(py)9], [M(pdtc)2(py)2] and 
[M'^(dtc)2(PPhj)J where, (M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), 
M^ = Co(II), Ni(II), Zn(II), Hg(II), py = pyridine, dtc = 
diethyldithiocarbamate, pdtc = diphenyldithiocarbamate and PPhj = 
triphenyl phosphine) are readily obtained by the replacement of two 
chlorine atoms from [MCl2(py)2], and [MCl2(PPh3)J by dtc and pdtc (scheme 
1 and 2). They are amorphous powder except for Zn(PPh3)2(dtc)2, and stable 
to light. 
M(py)2Cl2 + 2Nadtc • M(py)2(dedtc)2 + 2NaCl 
M(py)2a2 + 2Napdtc • M(py)2(dpdtc)2 + 2NaCl 
M(PPh3)2Cl2+ 2Nadtc • M(PPh3)2(dtc)2 + 2NaCI 
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Conductance measurements 
The molar conductance of 10"-^  M solution of all the complexes 
measured in nitrobenzene and DMSO fall well below those reported for 
univalent electrolyte^" at room temperature (Table I). 
IR Spectra 
According to the criterion of Brinkhoff and Grotens"', the presence 
of only one band in 1000 ± 70 cm'^  region is indicative of a bidentate 
dithiocarbamato moiety while die splitting of tiie same band witiiin 20 cm'^  
is due to the monodentate binding of the Ugand. In the present study, a 
single sharp peak has been observed in 991-1023 cm"' region confirming 
symmetrical bonding of the dithiocarbamato moiety in all the cases. The 
thioureide band^" (S2C •'•^^^ NRj) appears in 1486-1504 cm'' range, which is 
intermediate between v(C=N) (1690-1640 cm"') and v(C-N) (1360-1250 
cm"') indicating a partial double bond character between carbon and 
nitrogen. Moreover, for a symmetrically bound dithiocarbamate, this band 
normally appears at higher wave numbers relative to unsymmetricaUy 
bonded dithiocarbamate^l 
Some new bands observed in the far IR region are suggested to be 
due to M-S stretching frequencies"'* (Table II). However, all die three 
fundamental vibrations of triphenylphosphine (q, r and t) showed only 
negligible change and are independent of the nature of the metal ion'^ 
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Electronic Absorption spectra 
The electronic spectral bands and the magnetic moments of the 
complexes are listed in Table III. An octahedral Mn(II) complex gives spin 
forbidden as well as parity-forbidden bands^^ In addition to n-7i* transition, 
the electronic spectrum of the Mn(II) complex in DMF exhibits three more 
bands in the region 31,104 to 30,350 cm"^ ; 22,542 to 20,533 cm"' and 17,513 
to 16,890 cm-\ which have been assigned to ^ig(P) <- 'A^g; "^SPd <- 'A,g 
and '*T,g(G) <- ''Ajg transitions, respectively. The high spin d^  configuration 
gives an essentially spin-only magnetic moment of ~ 5.9 B.M. and is 
temperature independent. The magnetic moment of the Mn(II) complex 
Ues between 5.84 to 5.91 B.M., which is very close to the calculated value 
for five unpaired electrons. Thus, the ligand field bands and magnetic 
moment value support a distorted octahedral geometry around the metal 
ion. 
For the octahedral spin-free Fe(II) complexes, the magnetic moment 
value lies at about 5.5 B.M. In the present case, the magnetic moment values 
are found to be 5.30 and 5.44 B.M. for Fepy2(dtc)2 and Fepy2(pdtc)2 
complexes, respectively. A slight deviation in the magnetic moment value is 
perhaps, due to die deviation from a regular octahedral geometry '^' (Table 
III). 
The spectra of die Copy2(dtc)2 and Copy2(pdtc)2 have identical 
features, indicating similar stereochemistry around the Co(II) ion. The 
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former absorbs at 20,790; 15,552 and 11,146 cm-' and the latter at 22,321; 
16,474 and 11,272 cm"', respectively. The low frequency band at around 
11,000 cm"' is characteristic of a distorted octahedral geometry for the Co(II) 
ion-". The observed magnetic moment values are within the range of a high-
spin octahedral Co(II) complex with considerable orbital contribution to the 
overall magnetic moment^ .^ However, three intense bands are observed in 
the case of Co(PPh3)2(dtc)2 at 15,480; 20,781 and 24,272 cm"' corresponding 
to three transitions arising from '^ igCF) state to %g(F), ''AjgCF) and ''T,g(P) 
states, respectively. These are characteristics of spin free octahedral Co(II) 
complexes^^ The ligand field parameters, Dq = 1580 cm"' and B = 753 cm"', 
and the room temperature magnetic moment further support an octahedral 
arrangement around the Co(II) ion in the Co(PPh3)2(dtc)2 complex''". 
Octahedral Ni(II) complex is known to exhibit three spin allowed 
transitions in the visible region'". In the case of the Nipy2(dtc)2, three bands 
at 22,371 (v,), 15,847 (vj) and 11,764 cm"' (vj) have been observed while for 
the Nipy2(pdtc)2 complex, these bands appear at 22,779 (vj), 15,384 {v.^ and 
12,544 cm"' (vj). The Vj is due to one of the spin allowed electronic 
transitions in the visible region, which is assigned to ^ig(F) <- •^ A2g(F) and 
the middle band (v^) has been attributed to ^ig(F) <- A^^ g transition, 
respectively. The ligand field parameters w^ lODq, B (Racah parameter), p 
(Nephelauxetic ratio) are almost identical for Nipy2(dtc)2 and Nipy2(pdtc)2. 
They indicate that the M-L bond is sufficiently strong implying enough 
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overlapping of metal orbitals with those of the ligand. The magnetic 
moment values (3.21-3.34 B.M.) usually do not change even if the geometry 
departs from octahedral symmetry"*'. 
The green Ni(PPh3)2(dtc)2 exhibits three absorption bands at 12898; 
15,873 and 23,256 cm"' corresponding to ^T, <- ' A , (F), ' T (F) <- \(F) 
and T (P) <- A (F) transitions, respectively^ .^ The maxima between 
29,548-33,300 cm"^  in die electronic spectrum of Ni(PPh3)2(dtc)2 is ascribed 
to the intra-ligand transitions in the S2CN group, which has also been 
found by Pastorek" in the case of [NiX(bz'Prdtc)(PPh3)]. The magnetic 
moment of 3.21 B.M. is also within the specified range for the octahedral 
Ni(II) ion^^ . The Dq = 1008 cm'^  and B = 793 cm'' are also in agreement 
with an octahedral geometry for the Ni(II) complexes. 
Generally, the octahedral Cu(II) complexes exhibit three transitions in 
18,000 to 12,000 cm"' range with poorly separated bands. However, in the 
case of Cupy2(dtc)2 and Cupy2(pdtc)2 complexes, broad band maxima in the 
11,905-11,765 cm'' and 11,628-11,111 cm"' range, owing to the overlap of 
two bands corresponding to the 'Bjg <- B^jg transition^", were observed. In 
addition, a shoulder at 17,452 and 18,248 cm"' for ethyl and phenyl 
analogues, assigned to "Eg <- 'B,g transition, was also observed. It might be 
due to the distorted octahedral geometry around the Cu(II) ion^l It is 
difficult to predict solution structure of the Cu(II) complexes from 
electronic spectroscopy alone because of the possible geometrical 
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distortions and poor resolution of the absorption bands ', nevertheless the 
magnetic moment (1.93-1.98 B.M.) supports the proposed geometry. 
Thermal Analysis (TGA/DSC) 
Only a limited number of reports are available on thermal studies and 
solution thermochemistry of metal dithiocarbamates" '^^ . It is known^^ that 
dithiocarbamates, on heating, either volatize or decompose to yield metal 
sulfide. However, diethyldithiocarbamate complexes with additional ligands 
were found to be non-volatile with 17 to 55 % residual weight^ ®. In our 
study, two distinct decomposition steps have been noted. The first 
thermolytic cleavage starts from 85 to 500 °C with 76 % loss of weight 
corresponding to whole organic moiety (found 75.5 %) (Table IV). The 
second stage ranges between 500 to 650 °C after which a straight line is 
observed indicating no change above this temperature range. The residue 
corresponds to the respective metal sulfide '^. 
The DSC profile exhibits enthalpic changes from endothermal and 
exothermal bands and peaks. In the present case, the DSC peaks correlate 
well with the TGA data. A broad exothermic peak obtained between 300-
400 °C is due to pyrolysis of die whole organic moiety although there is no 
well defined exotherm or endotherm corresponding to the formation of 
metal sulfide. 
The complex, Zn(PPh3)2(dtc)2 was heated upto 900 °C (Fig. 1). The 
stepwise fragmentation pattern of Zn(PPh3)2(dtc)2 is depicted in Scheme 3. 
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The DSC curve depicts typical endothermic minima, the first of which 
occurs at 184 °C. Since this endothermic curve shows no weight loss at this 
temperature, it is perhaps, due to the melting of the complex without 
decomposition. However, two distinct endothermic peaks represent the 
decomposition of the complex. The first peak is large and broad that 
corresponds to the decomposition of two different fragments, can be vividly 
seen. The first step shows a weight loss of 71.3 % corresponding to two 
molecules of each triphenylphosphine and ethene (Calcd. 71.8 %). The 
second step, with a weight loss of about 6.8 %, is in agreement with the loss 
of one N , and two ethene molecules'** (6.3 %). 
There is no change in the thermogram after 900 °C, showing the 
formation of eventual product'*^ ZnS4, which is quite common in the 
dithiocarbamato complexes. 
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Chapter - IV 
Chelating Behaviour of 14-
Membered Schiff Base Macrocycles 
and their Transitions Metal Chelates 
CHELATING BEHAVIOUR OF 14-MEMBERED SCHIFF BASE 
MACROCYCLES AND THEIR TRANSITION METAL 
CHELATES 
The design of macrocycles and their metal chelates is a subject of 
current research interest due to their potential use in selective binding, 
transformation and transfer of a large variety of organic/inorganic cations, 
anionic species and neutral molecules '^"*. A great deal of interest has been 
directed to functionaUzed macrocycles that have pendant functional 
groups""'^. The chemistry of macrocycles has aroused interest due to their 
use as models for protein metal binding sites in metaUoproteins, as 
therapeutic reagents in chelate therapy, for the treatment of metal 
intoxication, in catalysis and in the treatment of cancer'^ "^^ They show a 
pronounced ability to bind a variety of metal ions and also undergo 
conformational changes during binding '^'. 
Furthermore, the recognition of a metal ion by a macrocyclic ligand 
and modification of the properties of the resulting complex is closely related 
to the match of the metal size with the ligand cavity'''. The strong affinity 
shown by macrocycles and their metal chelates in selective binding of certain 
metal ions results in their use (a) as models for carrier molecules in selective 
uptake and transport studies of metal ions in biological systems'**"'', (b) in 
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metal recovery"", (c) as active site mimics of metalloenzymcs"', (d) as 
phosphate ester cleaving agents^ including DNA and RNA"^ "^ "*, (e) as MR! 
contrasting agents^^ (f) as metal catalysts^ ''""^  and (g) as anti-HIV agents"^ 
In the present work, we are reporting the synthesis and 
characterization of 14-membered N4 macrocycles 1,5,8,12-
tetraa2acyclotetradeca-6,7,13,14-tetraaminoaceticacid-5,7,12,14-tetraene (V); 
1,5,8,12-tetraa2acyclotetradeca-6,7,l 3,14-tetraaminophenyl-5,7,l 2,14-tetra-
ene (Lr) and l,5,8,12-tetraazacyclotetradeca-6,7,13,14-tetraaminopyridyl 
-5,7,12,14-tetraene (V) and tiieir complexes with Cr(III), Fe(III), Mn(II), 
Co(II), Ni(II), Cu(II) and Zn(II) ions. 
EXPERIMENTAL 
Glycine, aniline, 2-aminopyridine, diethyl oxalate, hydrated metal salts 
(BDH) and 1,3-diaminopropane (Koch Light) were used as received. N,N-
dicarboxymethyloxamide was synthesized by the method reported 
elsewhere^ .^ 
Elemental analyses were carried out with a Thomas and Coleman 
analyzer. The metals were determined by complexometric titration and 
29 -1 
chloride was determined gravimetrically • The IR spectra (4000 - 200 cm ) 
were recorded on a 621 Perkin-Elmer grating spectrometer as KBr disc. The 
electronic spectra were recorded on a Carl-Zeiss VSU2P spectrophotometer 
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in DMSO. Magnetic susceptibility measurements were done with an Allied 
Research model 155 vibrating sample magnetometer and the molar 
conductance was measured at room temperature using a Systronics 321 
conductivity bridge. The NMR spectra were recorded on a DPX-300 
spectrometer. 
Synthesis ofN,N-Diphenyloxamide and N,N-Dipyridyloxamde 
NaOH (20 mmol, 0.80 g) dissolved in the minimum amount of water 
was added to aniline (20 mmol, 1.86 mL) or 2-aminopyridine (20 mmol, 1.88 
g) in ethanol (25 mL). Diethyl oxalate (10 mmol, 1.35 mL) was then added 
and the mixture was heated to 60 °C for 4 h with continuous stirring. It was 
then cooled to 0 °C and an excess of 10 % dilute HCl was added causing 
immediate precipitation of a white product, which was washed with ethanol 
and crystallized from a 2:1 mixture of ethanol and an aqueous buffer^ " of 
pH4. 
/ 2 3 
Synthesis ofUgands (L, L andh) 
1,3-Dianiinopropane (20 mmol, 1.3 mL) was added dropwise to N,N-
dicarboxymethyloxamide (20 mmol, 4.08 g) dissolved in 100 mL ethanol 
buffered at pH 4 and refluxed for about 20 h. This mixture was cooled to -5 
°C and an excess of 10 % dilute HCl was added, and then left for two days 
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at the same temperature, which afforded a white product. It was 
recrystallized from a 1:1 mixture of ethanol and aqueous buffer of pH 4. 
Yield, 30%. 
9 3 
L" and L were synthesized by the same procedure using N,N-
diphenyloxamide and N,N-dipyridyloxamide. The refluxing was carried out 
for 30 h and the mixture was left for three to four days to yield a shinning 
white product. Yields, 24% and 22%, respectively. 
Synthesis of Complexes 
A mixture of hydrated metal chloride (1 mmol) in 20 mL methanol 
and the ligand (1 mmol) dissolved in a mixture of 10 mL ethanol and 10 mL 
of an aqueous buffer of pH 4 was heated on a water bath for 6 h, to yield 
the precipitate. It was filtered, washed with ethanol and dried in vacuo. 
RESULTS AND DISCUSSION 
The ligands were synthesized according to the scheme 1. The 
complexes were synthesized by heating, over a water bath for 6 h, a 1:1 
mixture of hydrated metal chloride in methanol and ligand in ethanol, and 
an aqueous buffer of pH 4, which afforded a precipitate. The molar 
conductance of one millimolar solution in DMSO, showed that the 
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complexes of the divalent metal ions are non-electrolytes while those of the 
trivalent metal ions appear to be 1:1 electrolytes '^ (Tables I). 
MCI, + L -> [MLCy 
MCI3 + L -> [MLCy CI 
where L = L \ L~ and L'^  
and M = Cr(III), Fe(III), Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) 
IR Spectra 
The relevant IR bands and their assignments are listed in Table II. 
The two v(C=0) absorptions appearing at 1710 and 1640 cm"' in N,N-
dicarboxymethyloxamide are lost and v(C=N) appears as a consequence of 
its reaction with 1,3-diaminopropane forming a macrocyclic Schiff base 
(Scheme 1). In the present work, we observed only one band in 1670-1690 
cm"' region in the free Schiff base macrocycles, which undergoes a shift to 
lower wave number after chelation^". This decrease in v(C=N) in the 
complexes has been attributed to the coordination of the metal ion via 
nitrogen atoms. 
The complexes exhibited new bands in the far-IR spectral region. The 
chromium(III) complexes show vibrational modes in the 490-510 cm'' 
range, which are assigned to (Cr-N) stretches. The other metal ions exhibit 
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M-N stretches in the 420-495 cm"^  range. The v(M-Cl) band has been 
found to appear in the 310-370 cm"' range. It is apparent from the spectra 
that both the nitrogen and chlorine are bonded to the metal ion. 
Since the nitrogen and oxygen of the pendant groups are not 
coordinated, their absorption bands remain unchanged throughout (Table I^. 
'HNMR Spectra 
All the macrocycles show a triplet for the CH, protons (5 2.7-2.9), 
which undergo a downfield shift after complexation (Table III). The 
pendant arm containing CH2CO2H group, (L}) exhibits a combined singlet 
33 for the methylene protons, which is not influenced after metallation . The 
phenyl proton signal in N,N-diphenyloxamide (L} exhibits multiplets at 8 
3 
6.5-6.8 while L shows multiplets due to pyridyl protons at 5 6.8-7.2. Since 
these pendant groups, both in the free and chelated macrocycles, did not 
show any change in the position of their proton signals, it is ascertained that 
they are not involved in coordination. 
Electronic Spectra and Magnetic Moments 
The observed magnetic moment for the Cr(III) complexes are close to 
the tiieoretical value (3.87 B.M.) for three unpaired electrons, which is 
consistent with an octahedral configuration for the Cr(III) ion^ "*. Three well 
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defined absorption bands observed in all the cases are assignable to ligand 
field transitions (Table IV) and are characteristic of an octahedral geometry 
of the complexes''^. 
Generally, the octahedral Fe(III) complexes are high-spin and exhibit 
magnetic moment of 5.9 B.M. as the ground state has no orbital angular 
momentum and there is no effective mechanism for introducing coupling 
with excited states^''. In the present study, we had also observed similar 
magnetic moments for the Fe(III) complexes. However, three well separated 
absorption bands are observed besides a charge transfer, confirming the 
proposed octahedral structure for the Fe(III) ion^''. 
Majority of the octahedral Mn(II) complexes are high-spin and gives 
both, spin-forbidden as well as parity-forbidden transitions. In the present 
case, the electronic spectra of the octahedral Mn(II) complexes exhibit three 
bands in tiie 19,000-22,222 cm'^; 24,000-28,000 cm"' and 28,571-34,000 
cm-^  regions corresponding to %g(P) <- %^, \(P) <- %^ and %IG) <-
''A,g transitions, respectively. The magnetic moment is close to the spin-only 
value (5.9 B.M.) suggesting a high-spin octahedral configuration for the 
Mn(II) complexes^**. 
In all Co(II) complexes, three bands consistent with an octahedral 
geometry have been observed. The slighdy low magnetic moment value (4.4 
B.M.) for the complex of L is attributed to the thermal depopulation of an 
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excited quartet spin state, which may be tentatively ascribed to the 
increasing size of the pendant groups. However, the electronic bands and 
the pink colour of the complexes are consistent with an octahedral 
environment around the Co(II) ion. 
Three characteristic bands are anticipated for the octahedral Ni(II) 
ion in the high-spin state. We also observed three bands at 23,255-25,000 
cm-\ 16,000-17,241 cm'^  and 12,048-13,157 cm'^  assignable to T^^  (P) <-
^A, (F), V (F) <- A^ (F) and ^T, (F) <- A^^  (F) transitions, respectively. 
The relatively low magnetic moment values and the electronic spectral 
bands suggest a distorted octahedral geometry for the nickel(II) ion (Scheme 2). 
All the Cu(II) complexes show a charge transfer and a broad 
-1 2 
characteristic band in the 13,000-16,000 cm region assigned to the T <-
2 . . 
E transition. The magnetic moment values also support an octahedral 
geometry for the Cu(II) ion. 
In the case of small macrocycles, the field strength of the ligand is 
•in 
affected by the ring size, especially in N^ Ugands" • The ring which fits a 
given metal ion, produces a normal ligand field but when the size of the 
metal ion is relatively smaller, it shows an abnormally large ligand field. In 
order to reduce die strain, smaller rings get folded during chelation or the 
metal ions are kept on top of the ring as in the case of heme^- Since tiie 
ionic radii of Co(II), Cu(II) and Zn(II) ions are almost identical (73-75 pm), 
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they may match the cavity provided by the ring'"', while the Cr(III), Fe(III) 
and Ni(II) ions, (61.5-69.0 pm) appear to be loosely fitted. The Mn(II) ion 
is fairly large (83.0 pm) and it may, therefore, sit on the top of the cavity 
provided by the ring and may undergo appreciable distortion. 
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Buffer of pH 4 , ^^^ ^ 
H2N NH2 -5°C R ^ , / - ^ R 
R = NHCH2C00H{L^), 
1 0 1 (L^ ) and 
JO) (L )^ 
= HN" N 
Scheme 1. Synthesis of the ligands 
68 
CI 
R^  .N \ N^ ^R 
" \ \ / ^ 
M 
> / ^ , N / N . - i ? ^ ' ^ 
CI 
Scheme 2. General structure for the M(II) complexes (M=Mn(II), Co(II), 
Ni(II), Cu(II) and Zn(II)). 
CI 
Scheme 3. General structure for the M(III) complexes (M = Cr(III) and 
Fe(III)). 
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Chapter - V 
Piperazine Bridged Homodinuclear 
Transition Metal Complexes 
PIPERAZINE BRIDGED HOMODINUCLEAR TRANSITION 
METAL COMPLEXES 
Piperazines (Hjppz) are cyclic dienes, possessing a non-planar six-
membered ring with two basic nitrogen atoms in 1 and 4 positions^ 
Piperazine may exist in chair or boat conformations but usually the chair 
form is preferred as it is 17.2 KJ/mol, more stable than the boat form .^ 
However, the boat conformation is stabilized when the piperazine ring 
binds one metal ion through both the nitrogen atoms forming a bidentate 
chelate complex as in cis-[PtCl2(Me2ppz)] .^ Moreover, no such complex 
with Ni(II), Cu(II), Zn(II), Cd(II) and Pb(II) could be isolated as die 
piperazine ring is constrained to form a macrocyclic ring. Such a bidentate-
chelate complex may exist only if the RjN—CH2— CH2 — NH2 coor-
dination takes place through 1,4-position of the piperazine ring with two 
aliphatic chain and a terminal amino"*"^  group. Recendy, some substituted 
piperazine complexes of Co(II), Cu(II) and Zn(II) were shown to exhibit 
interesting cytotoxic activity^ The complexes having a piperazine ring 
mono-coordinated to Pt and protonated on the uncoordinated nitrogen 
have also been studied as potential antitumor agentsl The substimted 
piperazine favours 2:2 condensation** yielding a good building block to form 
large receptor molecules'^ . 
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The edge of pipcrazine over other dienes is due to its ability to bind 
metal ion as (I) monodentate^" (II) bidentate" or (III) as a bridging ligand'^ 
As the divalent transition metals are coordinatively unsaturated in 
dithiocarbamato complexes, they bind additional ligands to expand their 
coordination number to a maximum^^ Piperazine bridged metal complexes 
were, therefore, synthesized to study and ascertain the mode of linkage of 
dithiocarbamato moiety with transition metal ions. 
EXPERIMENTAL 
Synthesis ofpiperat^nebisdithiocarbamate (pp^dtc) 
The sodium salt of piperazine bisdithiocarbamate (Najppzdtc) was 
prepared by method mentioned in the literature '^'. To a 150 mL ethanolic 
soltition of piperazine hexahydrate (50 mmol, 9.71 g) kept below 0 °C, was 
dropwise added neat carbondisulfide (100 mmol, 6.04 mL) over one hour. 
To this reaction mixture, was added NaOH (100 mmol, 4.0 g) dissolved in 
minimum amount of double distilled water and the stirring was continued 
for an additional four hours. It was left overnight to yield a white crystalline 
product. It was filtered, washed several times witii ethanol and etiier and 
dried in vacuo over CaCl,. 
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Synthesis of Complexes 
To an ethanolic solution (25 mL) of hydrated metal(II) chloride (1 
mmol) was added sodium diethyldithiocarbamate (1 mmol, 0.22 g) and 
sodium piperazine bisdidiiocarbamate (1 mmol, 0.31 g) solution (40 mL) 
simultaneously with vigorous stirring. The reaction mixture was refluxed for 
about five hours until it afforded complete precipitation. It was cooled, 
filtered and washed repeatedly with methanol and ether and dried in vacuo. 
RESULTS AND DISCUSSION 
The complexes are thermally stable and decompose between 105 and 
260 °C. They are soluble in DMSO and DMF. The result of elemental 
analyses (Table I) correspond to the composition M(edtc)2pp2dtc and 
[M\edtc)j2pp2dtc where M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), 
Cd(II) and Hg(II), M^  = Cr(III), Fe(III), edtc = (S^ NCsH o^) and ppzdtc = 
[S2C(NCH2CH2)2CS2]. The molar conductance of 1 millimolar solution of 
die complexes measured in DMSO indicated that they are non-elecdrolytes'l 
IR Spectra 
The skeletal vibrational mode of die piperazine in all the complexes 
are slightiy shifted towards lower frequencies suggesting a distortion of the 
chair conformation''^ "'^  upon coordination. The v(C-S) is very diagnostic of 
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the nature of bonding of the dithiocarbamates. The ^ 
\ 
region 1070-930 cm"' has been found to be very J ^Q j ^ 
/ 
sensitive'^ to v(C-S). It has been observed in a variety [ ^ 
of dithiocarbamato complexes, that appearance of a single sharp band 
around 1000 ± 70 cm"' is due to the bidentate nature while splitting of this 
band within a narrow range of 20 cm"' is due to the monodentate bonding 
of the dithiocarbamato group". In the present study, we observed only a 
single sharp band at 1000 ±10 cm"' in all the complexes indicating the 
bidentate bonding of the dithiocarbamato group. The thioureide band near 
1500 cm"' is characteristic of partial double bond character of the SjC •-^ •^ 
N bond, which is due to delocalization of electrons over S2CNR2 region. 
The v(C '-=-=-^- N) seems to be insensitive to the nature of the metal". There 
are two factors"", which effect the M-S peak position occurring in the far-IR 
region: (i) the nature of the metal ion and (ii) the substituents attached with 
the sulfur. In the present study, some weak intensity bands are observed 
around 450 cm"' range corresponding to the M-S stretching 
frequencies '^. 
In the compound, [Cu(edtc)]2ppzdtc, a triplet was observed at 0.79 
ppm for methyl protons of diethyldithiocarbmato groups whereas the 
methylene protons were found to resonate at 3.73 ppm as multiplet'^ . 
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Another singlet at 3.45 ppm was also observed corresponding to 8 protons 
of the piperazine moiety confirming the proposed structure of the 
compound (Scheme 2). 
Electronic Spectra and Magnetic Moments 
The electronic spectral bands and the magnetic moments of the 
complexes are listed in Table III. All the known octahedral Cr(III) 
complexes have been found to have three unpaired electrons irrespective of 
the field strength of the iigand. The magnetic moment value of such 
complexes lies around 3.88 B.M, In the present case, a value of 3.74 B.M. 
was obtained for the green [Cr(edtc)2]2ppzdtc. The electronic spectra of the 
complexes in DMSO exhibit bands at 15,527; 21,052 and 26,385 cm"^  
assigned to % (F) - ' ^ ^'^ "^^^ ^ ^ \ (^ ^^^ "^H (P) ^ '^2^ (F) 
transitions, respectively, indicating an octahedral environment around the 
Cr(III) ion-^ 
The complex [Fe(edtc)2]2ppzdtc is similar'"* to the octahedral 
Fe(diethyldithiocarbamate)3. The low magnetic moment (2.53 B.M.) is 
intermediate between spin free (5.9 B.M.) and spin paired (2.3 B.M.) 
suggesting a spin cross over-^ The intense absorption bands due to M ^ L 
and L ^ M charge transfer is the characteristic feature of Fe(III)-
dithiocarbamates-^ We have observed three bands at 17,241; 19,880 and 
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26,041 cm-' assigned to V,^(G) <- 'A,^; \ ( G ) ^ 'A,^ and X ^ 'K 
transitions, respectively. A shoulder commonly found in octahedral Fe(III) 
dithiocarbamates"^ has also been observed at 29,411 cm'. 
Unlike octahedral Fe(III) complexes, the tetrahedral high-spin Fe(II) 
complex shows only one spin allowed d-d absorption at 20,022 cm" 
corresponding to ^E •— ^T, transition. The magnetic moment of tetrahedral 
Fe(II) complexes lies between 5.0-5.5 B.M. corresponding to four unpaired 
electrons. The value in the present investigation is 5.05 B.M., which is 
consistent with the tetrahedral nature of the Fe(II) in [Fe(edtc)]2pp2dtc^\ 
The tetrahedral Mn(II) complexes are high-spin and exhibit spin 
forbidden transitions. The pale yellow complex shows an intense absorption 
at 17,513 cm '^ ('"T, <— ^A^) and a charge transfer band at 33,851 cm^^  The 
experimental magnetic moment of the Mn(II) ion (5.77 B.M.) in 
[Mn(edtc)]2pp2dtc is close to the spin-only value (5.9 B.M.) indicating a 
tetrahedral arrangement around the Mn(II) ion^\ 
Tetrahedral or pseudo-tetrahedral d^  high-spin Co(II) complexes are 
generally deep blue and exhibit three electronic spectral bands^l Two of the 
tiiree bands appear in die IR region while the third one appears in the red 
region between 13,000-18,000 cm'^ The absorptions observed at 16,025 
and 17,025 cm"' in this work, may be attributed to %(¥) <~ ^ A2(F) and 
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''Ti(F) <— ''A2(F) transitions, respectively"^ The magnetic moment of 4.5 
B.M. further suggests a tetrahedral geometry for the [Co(edtc)]2Pp2dtc. 
The green solution of [Ni(edtc)]2ppzdtc in DMSO shows two sharp 
bands at 15,898 and 22,883 cm"^  corresponding to A^jg <— A^jg and B^^ g <— 
A^j transitions besides a shoulder at 21,141 cm'\ respectively. Since it is 
diamagnetic, a square-planar^' geometry for the Ni(II) ion is ascertained. 
The electronic spectrum of [Cu(edtc)]2ppzdtc showing two bands at 
22,371 and 15,479 cm'' fE <- ^ and "A <- ^ , ^ is interpreted in terms 
' ^ g ig 'g i g / ^ 
of square-planar geometry^". The absence of any band below 10,000 cm" 
rules out the possibility of a tetrahedral or pseudo-tetrahedral environment 
around the Cu(II) ion^^ The magnetic moment (1.76 B.M.) of the Cu(II) ion 
is similar to that found for the ion in square-planar^^ Cu(dimethylglyoxime)2. 
TGA/DSC 
Generally, the dithiocarbamato complexes, on pyrolysis, either 
volatilize leaving some residue or decompose to the corresponding metal 
sulfide^-. However, the mixed ligand dietiiyldithiocarbamates with a variety 
of chelatijig ligands are found to be non-volatile '^^  and the alkyl substituents 
on the dithiocarbamato core do not influence the decomposition process. In 
die present work, a simple two step decomposition was observed as has 
been found by D'Ascenzo and Wendlendt in the case of the Fe(III) 
diethyldithiocarbamates". The tiiermograms do not show any change until 
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175 °C ruling out the possibility of any coordinated water or solvent 
molecule. The first step of pyrolysis (Table IV) ranges from 200 - 390 °C, 
corresponding to the decomposition of whole organic moiety. The total 
weight loss of about 60 - 70 % is observed and the decomposition step 
appears to be a slower one. The second pyrolysis occurs between 
400 - 600 °C. This step corresponds to the formation of metal sulfide as the 
final product. Criado et. al.^ "* reported a multistep decomposition for the 
Pt(II) dithiocarbamates derived from a-amino acids. They showed the 
formation of metallic platinum while some workers^^ have reported the 
formation of Pt-sulfide from Pt(II)-dithiocarbamates. The final product in 
our case is always metal sulfide. 
The DSC curves also found to be in agreement with the TGA data. A 
broad endothermic band observed over 75-125 °C in all die cases suggests 
phase change prior to any decomposition. A second broad exothermic band 
observed at approximately 350 °C suggests that the decomposition of whole 
organic moiety is an exothermic process. 
90 
a\ 
\ 
I 
O K 
+ 
U 
+ 
00 
t 
a. 
£ 
Eo 
ffiu UD? 
(N 
ON 
o 
u 
on 
(3 
+ 
u 
+ 
P 
c/a 
00 
00 
00 
CO 
Z 
00 00 
U 
CO 
\ 
U 
X(j 
<N I 
ux 
U K 
C/0 00 
U 
xo ux 
\ / 
z 
u 
/ \ 
00 00 
\ / 
/ \ 
C/D 00 
\ / 
U 
X X 
u 
N 
Q. 
(N 
r—I 
o 
c o 
Q. 
& 
(N 
U 
s (U 
^ o O) 
U^ 
---^  
l " 
U^ 
a? 
u ; ; 2 M-« ^v^ 
o u bD r" 
£~T3 II 
- — > ~ — ' 
«-o -o 
^ N ^ 
SC<2 
II ^ U 
3 fS 
S o ^ 
« ^ i i 
> Z u 
CO 
ON 
z 
fN 
on 
Z 
+ 
o 
+ 
\ 
z 
on 
Z 
z 
00 
o 
u 
o 
Z 
use 
U5C 
U 
c/o 
X 
u 
U" on (Zl- •u 
C/O-
U 
X<J 
u 
C/3 
on 
c/o 
\ (N 
uffi 
00 
U_ C / D . •O. 
U 
DC 
(N 
X 
u 
o 
•S N a. a. 
fS 
o 
•S 
• 4 - * 
(U 
o 
c O ' 
ts 
f<i 
o 
E 
u j = 
o OD 
on O^  
.^ ^ 
K" 
O^  
X 
u Z 
^ 
00 
I — ' 
II 
o 
— '^^  HH N 
• w Q . 
« _ 
' ^ ^ 
T3 CO 
C ,^ 
W ^ i / l 
S <N 
^z 
II u 
- " tN 
2 ^ 
u II 
xi -o ? t> 
03 
V 
X 
V I 
O U 
V 
s 
o 
a 
.a 
P-> 
a 
Q 
u 
•d 
_^ 
a 
< 
u 
o 
o u 
U 
>^  
Si 
X) § 
o 3 
s § 
C/D 
^ 
u 
CM 
r- in 
IT) in 
CN ( N . 
w 
i n 
u 
4-1 
T3 
CJ 0 0 
0 0 O 
so I^ 
0 0 (N 
ON C<-J 
\6 i^ 
00 ^ 
r-^  00 
r-i LO 
oq o 
00 00 
t~~; 0 0 
C\ ON 
(N ( N . 
CO 
o 
3" 8 J2 
i n 
V3 
N 
a, 
a. 
'5'00 
CO 
r- 00 
(N r<i. 
o 
o 
CM 
VO 
u 
N 
a, 
•M VO 
rj - i n 
CM CM 
o 
00 
a 
(U 
i n 
u 
4-1 
N 
a 
U 
.<U 
on 
c\ in 
CO i n 
CM (N 
i n 
o 
NO 
T3 
N 
a, 
- ^ N O 
6L^ 
CN SO 
O CN 
CK ON 
NO 
NO 
un 
^ 
in 
t^ 
CN 
CN 
in 
<N 
T—1 
Tt 
in 
^ 
oJ" CN 
CN^ 
G" 00 
CM, 
NO 
t^ 
CN 
CO 
in 
in 
00 
NO 
in 
xf 
o^ 
CN 
CN 
CO, 
6?" r-
CO, 
6^ CO 
;^ 
00 
in 
CN 
CO 
NO 
Tl-
00 
in 
in 
Tf 
c^ 
t^  
CN 
CO, 
S^ NO 
oo. 
oo" CO 
^ 
r-
CM 
CN 
CO 
r-~-in 
00 
C?N 
CO 
^ 
T—1 
Tt-
CN 
CO^ 
T—1 
NO 
00^ 
^ 
CO 
;^ 
00 
CM 
CN 
CO 
CN 
^ 
00 
r-00 
rh 
^ 
^ 
CN 
CO, 
ir-l 
NO 
00^ 
^ 
CO 
^ 
r^  
NO 
00 
CO 
NO 
CO 
00 
CM 
-^ 
Th 
00 
00 
/-—v 
CN 
rt 
r-
^ 
:^ 
C \ 
0 0 
0 0 CN 
CM CN] 
in 
CNl 
CO 
CM 
T—1 
r-
CO 
00 
o 
T—1 
o 
CM 
^ 
a 
^ 
00 
Xl 
N 
a, 
B 
tj <^ 
U NO 
CTs 
(N O 
in r-
r^  in 
00 00 
00 "^ t 
00 00 
•r-i in 
in CN 
—^1 in 
00 00 
00 
in 
o 
in 
in 
u 
-a 
N 
c 
N 
Cs 
CO 
CS CN 
CM (N. 
T-H in 
r~; CO 
cn cn 
cn cn 
c\i cn 
r- C ^ 
n- CM 
in r-
cn cn. 
NO cn 
in in 
CM <N, 
CN 
CN 
00 
<u 
CN 
NO 
• ^ in 
NO CN 
(N CN 
CN VO 
CNl CN 
cn CN 
in in 
in CNl 
cn p 
cn cn 
C:N r--
CD O 
CN <N 
r-
^ 
o 
I 
NO 
u 
NO CN 
CN 00 
00 00 
cn in 
t^ 00 
cn cn 
CN 00 
cn in 
CN CN 
CNl <N 
NO 00 
•I—I in 
Tt- 00 
oi CNJ 
cn cn 
NO 
CN] 
o 
u 
cn t^ 
in 00 
Tt- 00 
NO OO 
o o 
c\ cn 
O CN 
CN 00 
CN T-H 
in in. 
cn 00 
CN r-< 
cn cn 
cn cn 
o 
00 
NO 
u 
^3 
N 
a, Cu 
r j 
'r:^ 
(J 
•xi 00 
• " N O 
Xl 
N 
CU 
a C^ i 
^^ U 
*-> 
Xi 
•M T - l 
d 
r—l 
CN 
T3 
N 
a 
a, r i 
^n 
T3 
4-1 
u 
u 
cn 
cn 
CN 
Tl 
N 
O i 
Cu C-l 
^n 
•l-J r - 1 
OS 
% 
.a 
a 
60 
I 
U 
J3 
en 
C 
O 
f 
13 
1—I 
I 
> 
I 
00 
I 
y. 
C/2 
T3 
O 
a 
a 
o U 
<u 
N 
a 
a. 
r^  CN 
c:^  
r^  Cs 
C^ 
00 
OS 
ON 
VO 
Ov 
ON 
VD 
ON 
ON 
Tt-
ON 
ON 
00 
ON 
ON 
m 
ON 
ON 
00 
ON 
ON 
\o fTN 
ON 
00 
CA 
• ^ 
NO 
ON 
• ^ 
NO 
00 
^ 
o ON 
'^  
00 
00 
M-
in 
00 
Tf 
(N 
ON 
T^ 
ON 
r^  
^ 
00 
00 
• * 
Tf 
00 
^ 
t3 
N 
Cu 0-> 
r7 
1 "T 
U i-i 
X) 
• Q 
W 
•Td 
N 
VU 
Uu M 1 1 
(J 
•UJ 
ID 
^^S 
u 
N 
a, 
y 
u 
N 
a. 
^ y. 
u 
N 
CL, 
y 
u 
-a 
N 
a 
c 
N 
u 
N 
a, 
u 
y 
u 
4-J 
N 
•2 
u 
• 1 - 1 
N 
a, 
2 
4-1 
y 
2 
T3 
N 
'-73 
o 
o 
<u 
•6 
O 
d 
I 
U 
OJ 
a, 
c 
tn 
> 
d 
<u 6 
o 
a 
o 
OJ 
r — « 
co-
rn a 
.u . 
q .S. 
d 
t/) ' s 
O 
^C!^ 
w 
O 
a 
.o. 
(J 
d 
-^ d 
U -ui 
•43 d o 
s a ^ 
C/3 
d 
d 
o 
a, 
a 
o U 
00 
c5 
o 
irT 
00 
d 
<N 
O 
r-' 
eee 
<^  
<i < <i <?'<?' <i 
see gc^ g 
S S? ^ M " ^ M 
U-i 
d <1 
•^ l-T 
N 
a, 
•t-j 
y 
CO 
IT) 
N 
u 
• l - l 
"0 
4-1 
in 
u 
N 
-d 
,<u ,aj 
d d ,-t^ 
(U OJ 
60 bO >i, 
-d J3 W 
oi 
00 
(N (N 
LO CN 
o m 
r-< LT) 
CN ^ 
CO 
T—1 
CN 
lO ""t 
CO CO 
o ^ 
00 rj-
00 CN 
Os t--
CN CN 
CO LO 
CN T-H 
T-l CO 
IT) r—1 
00 ID 
CO r-
rO •<—1 
00 O 00 
LO T-< r-^  
CO CO CN 
O O CN 
u-j Tl- CN 
CN^  CN, O , 
y^ vo" O' 
CO CN CN 
LO 
o 
LO 
N 
u 
-l-l 
XI 
-l-l 
o 
o 
CO 
o (N 
T—1 
1 
) 
o 
00 
ON 
vo LO 
ee 
C^ I O-l 
c 
lee 
U H H 
M 60 
pQ ffl 
in o 
c<S f<S 
o 
CO 
o 
VD 
d 
ON 
(N 
O 
oi 
CN 
oi 
U-) 
Tf 
00 
r-
csi 
LO LO 
CM CN 
o o *\ #» 
r-. vo 
^—1 T—1 
CO 00 
CO ON 
00 00 
CN lO 
CN ^ 
T—1 C N 
r^ t^ 
rO^  rf 
CN" lo' 
CN] T-H 
0 0 
CO 
u 
•d 
Q 
u 
"^ 
N 
a, 
1 1 
•i-i 
0 
u 
^3 
N 
OJ 
'»H 
^, 
T3 
N 
a, 
3 
y 
OS 
OS 
O 
^-) 
t3 
N 
Cu 
Oi 
4-1 
•t-J 
V 
CO 
C 
O 
• 1-4 
CO 
O 
a 
o 
O 
<U 
T3 
T3 
C 
O 
u 
IL» 
r 
0 
u 
<u 
•fi 
G 
y5 
4-1 
a V i 
<a u u:! C/3 
3 
0 
•a Cj 
> U-t 
O 
d 
0 
•n 
a 
- 0 
C^ 
& 
CJ 
Q 
> 
1—1 
QJ 
3 
r ^ 
H 
tn 
G 
0 
CO 
0 
a, 
a 
o 
<u 
^3 
4-J 
in 
.tl 
fc 
CO 
CJ 
' a 
a 0 
U 
4-1 . ^ 
•x) ^ u 
CO - ^ 
CO ci 
CO n 3 
QJ 
U 
d 
V4 
d !^ 
a ^ 
(U 
CO .^  U 
^ ^ ^ 
rt o 
d 
I 
O 00 
00 00 
r<-) r<-). 
O 
o 
o o 
c/) 
00 ^^ 
00 LO 
O r^ 
5 
CO 
I 
ON 
O 
u 
d 
o .Si 
T3 
N 
a, 
u 
4-1 
X) 
4-1 
.1J 
00 -^ 
CNJ CO 
CO CO, 
o 
T3 
00 irj 
lO ^ 
uo 
CM 
CO 
I 
lO 
o 
XI 
r- q 
00 CN 
CN (N. 
O 
-^3 
O U 
(N o 
U-) as 
o o 
lO 
CO 
in 
o 
13 
u 
VO 00 
in c> 
r~^  00 
CN (N. 
o 
C/2 
z 
CM 
CO O 
o 
ON 
CO 
I 
'^ (N 
O 
X! 
u 
O 
T3 
(N CO 
•rH Cs 
\0 O. 
in 
CN 
CO 
I 
in 
CN 
CM 
o 
u 
T-< \0 
in o 
o o T^ c5 
CO CO. CO CO 
o 
Xl 
^ 
u CM 
CO 
d 
N CN 
OS CO 
04 in 
00 ON 
VO SO 
in 
co 
I 
o 
I 
O 
X! 
N 
Cu 
a, 
CM 1 1 
'u^ 4-1 
X) 
4 - 1 
^ 
OJ 
&. 
XJ 
N 
cx 
^^ U 
• 4 — 1 
X 
4-1 U^ 
0 
^ 
4-1 
Xi N 
a, 
^J3^ 
4—) 
"S 
^ 
• » H 
S. 
X! 
N 
a 
J 1 
"t? 4-1 
X) 
4 - 1 (U 
'H' 
u 
XJ 
N Q. 
Cu 
04 1 1 
'u^ 4-J 
XI 
4-1 
^ 
d 
N 
REFERENCE 
1. Clemente D. A., Marzotto A., Valle G. and Visona C. J., Polyhedron, 
18, 2749 (1999). 
2. Niemeyer H. M.J. Mol Struct., 57, 241 (1979). 
3. Ciccarese A., Clemente D. A., Fanizzi F. P., Marzotto A. and Valle 
G., Inor^. Chim. Acta, 275-276,419 (1998). 
4. Hancock R. D., Dobson S. M., Evers A., Wade P. W., Ngwenya M. 
P., Boyens J. C. A. and Wainwright K. P.J. Am. Chem. Soc, 110, 2788 
(1988). 
5. Wade P. W. and Hancock R. D., /. Chem. Soc, Dalton Trans., 1323 
(1990). 
6. Marzotto A., Clemente D. A., Zampkon A. and Carrara M., 
Nucleosides Nucleotides Nucleic Acids, 19,1311 (2000). 
7. Maurer A., Topciu V. and Csaki N., ^v. Chem. (Bucharest), 30, 321 
(1979). 
8. Aguilar J. A., Garcia-Espana E., Guerrero J. A., Llinares J. M., 
Ramirez J. A., Soriano C, Luis S. V., Bianchi A., Ferrini L. and Fusi 
v., J. Chem. Soc, Dalton Trans., 239 (1996). 
9. Rissanen K., Huuskonen J. and Koskinen A., /. Chem. Soc, Chem. 
Commun., Ill (1993); Rissanen K., Breitenbach J. and Huuskonen J., 
/. Chem. Soc, Chem. Commun., 1265 (1994). 
10. Brown D. B., Khokhar A. R, Hacker M. P., Lokys L., Burchenal J. 
H., Newman R A., McCormack J. J. and Frost D.J . Med Chem., 952 
(1982). 
ll.Hassel O. and Pedersen B. F., Proc Chem. Soc, 394 (1959). 
12. Doran S. L., Khokhar A. R., Hacker M. P. and Lokys L., Inor^. Chim. 
Acta,108,\\?>{\^%S). 
13.Ivanov A. V., Kritikos M., Antzukin O. N. and ForsUng W., Inor^. 
Chim. Acta, 321, 63 (2001); Siddiqi K. S., Afaq H., Nami S. A. A. and 
Umar A., Sjnth. React. Inorg. Met.-Org. Chem., 33,1459 (2003). 
100 
U.Siddiqi K. S., Khan P., Singhal N. and Zaidi S. A. A., Ind. J. Cbem., 
19A, 265 (1992). 
15. Geary W. J., Coord. Chem. V^v., 7, 81 (1971). 
16.Mar20tto A., Clemente D. A., Benetollo F. and Valle G., Polyhedron, 
20,171 (2001). 
17. Clemente D. A., Marzotto A. and Benetollo F., Polyhedron, 21, 2161 
(2002). 
IS.Brinkhoff H. C. and Grotens A. M., Recueil, 111, 252 (1971). 
19.Bradley D. C and Giditz M. H.J. Chem. Soc.(A), 1152 (1969). 
20.Bensebaa F., Zhou Y., Brolo A. G., Irish D. E., Deslandes Y., Kruus 
E. and EUis T. H., Spectrochim. Acta Part A, 55, \11^ (1999). 
21.El-Sonbari A. Z., Synth. React. Inorg. Met.-Ori. Chem., 21, 203 (1991). 
22.Prakasam B. A., Ramalingam K., Saravanam M., Bocelli G. and 
Cantoni A., Polyhedron, 23,11 (2004). 
23. Cotton F. A., Wilkinson G., Murillo C. A. and Bochmann M., 
Advanced Inorganic Chemistry, John Wiley and Sons, New York, 6* ed., 
p. 689, 784 and 729 (1999). 
24.Willemese J., Crass-Steggarda J. A. and Keijzerss C. P., Structure and 
'bonding, 28, 83 (1976). 
25.Lanjewar R. B. and Garg A. N., Ind J. Chem., 31 A, 849 (1992). 
26. Martin R. L. and White A. H., Transition Metal Chemistry, Edited by 
Carlin R. L., Marcel Dekker Inc., New York, p. 113 (1968). 
27. Figgis B. N., Introduction to Ugand Fields, Wiley Eastern Limited, New 
Delhi, p. 285 and 319 (1976). 
28.Marcotrigiano G., Menabue L. and Pellacani G. C, Inorg. Chim. Acta, 
26, 57 (1978). 
29. Patil S. A. and Kulkarni V. H., Polyhedron, 3,21 (1984). 
101 
30. McDonald R. G., Riley M. J. and Hitchman M. A., Jtiorg. Chem., 28, 
752 (1989). 
31. Lever A. B. P., Inorganic Electronic Spectroscopy, Elsevier, New York, T"^ 
ed., p. 256-265 and 317-361 (1968). 
32. Bajpai A. and Tiwari S., Thermochim. Acta, 411,139 (2004). 
33.Ascen2o G. D' and Wendlendt W. W.,/. horg. Nucl. Chem., 32, 2431 
(1970). 
34. Criado J. J., Carrasco A., Macias B., Salas J. M., Medarde M. and 
Castillo M., Inorg. Chim. Acta, 160, 37 (1989). 
35. Sharma A. K., Thermochim. Acta, 339,104 (1986). 
102 
Chapter - VI 
Facile Synthesis of Syiximetrical 
Transition Metal Dithiocatbamates. 
Crystal and Molecular Structure of 
Bis (Diethyldithiocarbamato) 
Cu(II): Revisited 
FACILE SYNTHESIS OF SYMMETRICAL TRANSITION METAL 
DITHIOCARBAMATES. CRYSTAL AND MOLECULAR 
STRUCTURE OF BIS(DIETHYLDITHIOCARBAMATO)Cu(II): 
REVISITED 
Studies of sulfur donor systems and their transition metal complexes 
have attracted attention in recent years due to their biological significance . 
Transition metal-prompted C-S bond formation, and its cleavage have been 
extensively studied to model individual steps of different metal-catalyzed 
synthesis". The dithiocarbamate occupies a unique position due to its facile 
synthesis^, and versatile industrial and biochemical applications'^ ^. 
Self-assembled template synthesis has many advantages over 
conventional synthesis^. Metal ions provide a range of coordination 
geometries, binding strengths and redox properties, which can be exploited 
in self-assembly processes^ Recendy, dithiocarbamato ligand has been 
employed in metal-directed self-assembly process for the synthesis of nano-
sized resorcarene based assemblies, catenanes, trinuclear cages and 
cryptands etc'-*"". Due to the versatile coordination ability of 
dithiocarbamates (dtc), it serves as a perfect motif in self-assembly process 
witii a variety of transition metal ions. In addition, the redox active dtc. 
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incorporated in a macrocyclic system, also serves as host for an 
electrochemical guest sensor^ ". 
In this chapter, we report a convenient synthesis of self assembled 
homodinuclear transition metal dithiocarbamates and crystal and molecular 
structure of Cu2(dtc)4 as part of our quest to develop novel dithiocarbamato 
1V14 
systems . 
EXPERIMENTAL 
General method of synthesis 
In a well dissolved methanolic solution (20 mL) of diethylamine (10 
mmol, 1.04 mL), neat carbon disulfide (10 mmol, 0.61 mL) was added 
dropwise in an ice bath with vigorous stirring. After about four hours, a 
methanolic solution (15 mL) of MCUxHjO was added dropwise to obtain 
an immediate precipitation. The precipitate was decanted, washed 
thoroughly with cold diethyl ether and methanol, and was dried over CaCl2 
in vacuo. The metal contents were estimated by complexometric titration'^. 
X-Ray Measurements and Structure Determination 
Details of the data collection and its processing, structural analysis 
and refinement are listed in Table I. A prismatic crystal was centered on a 
four-circle Philips PWllOO (Febo System) diffractometer operating in 0/20 
scan mode with graphite-monochromated MoKa radiation {X - 0.71073 A), 
following standard procedures at room temperature. There were no 
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significant fluctuations of intensities other than those expected from 
Poisson statistics. The intensity data were corrected for Lorentz-Polarization 
effects and absorption, as described by North et al. '^'. 
The structure was solved by direct methods SIR-97 ' I Refinement 
was carried out by full-matrix least-squares procedures using anisotropic 
temperature factors for all non-hydrogen atoms. The H-atoms were placed 
in calculated positions with fixed, isotropic thermal parameters (1.2 Uequiv 
of the parent carbon atom). For a total of 190 parameters and for 3439 
reflections having (I>2c{I)), wR' {[lw(Fo^-¥c)yil^(Fo)Y^ = 0.085 and 
conventional R = 0.037. 
Structure refinement and final geometrical calculations were carried 
out with SHELXL-97 program^®, implemented in the WinGX package^^; 
drawings were produced using ORTEP III ^. 
PIESULTS AND DISCUSSION 
Synthesis and characteri^tion 
The metal complexes are thermally stable at room temperature and decompose 
between 140 and 324 °C. They are soluble in chloroform, DMSO and DMF. The 
result of elemental analyses (Table III) correspond to the composition 1:2 (M:dtc) 
where M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), dtc = SsNCsHio. The complexes are 
conveniently prepared employing the following template procedure. 
4(C2H5)2NH + 4CS2 + 2MCI2.XH2O •M2(S2CN(C2H5)2)4+4HC1 
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The molar conductance of one millimolar solution of the complexes 
measured in DMSO indicated them to be non-electrolytes^^ 
Crystal and molecular structure ofCu2(dtc)4 
CrystaUographic data are listed in Table I. The complex Cu2(dtc)4 
crystallizes in Fljn space group with unit cell dimensions (^A) = 9.909(2), 
(^A) = 10.622(3) and <A) = 15.513(3). It is composed of centro-symmetiic 
dimeric entities as depicted in figure 1 and 2. Selected bond lengths and 
angles are listed in Table 2. The Cu-atom is linked by four sulfur atoms from 
the two dithiocarbamato ligands while the fifth coordination is satisfied by 
sulfur from the third dithiocarbamate occupying the equatorial site in the 
coordination polyhedron of centtro-symmetrically related copper(II) ion. 
Each bridging sulfur atom thus occupies simultaneously an equatorial 
position on one copper(II) ion and an apical site on the other. The topology 
of the dimer can thus be regarded as edge sharing distorted square-pyramids. 
In the complex, Cu2(dtc)4, tht axial Cu-S bond distance {2.884(1) A} 
is found to be longer than the equatorial Cu-S ones. The four basal sulfur 
atoms are coplanar but the Cu-atom deviates from the plane showing a 
slight tetrahedral distortion. 
The bond angles S(l) -Cu-S(2) and S(3)-Cu-(4) are 77.00(3) A and 
76.59(3) A, respectively. The bridging network Cu-S(4)-Cu# -1-S(4)#1 a 
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planar with inversion centre, with Cu-Cu separation of 3.572(1) A. The 
present results are in close agreement with the earlier determinations^^. 
Table I. Crystallographic data for Cu2(dtc)4 complex 
Compound Cu2(dtc)4 
Formula 
Molecular weight 
Crystal system 
Space group 
^(A) 
.(A) 
«0 
m 
V(A^) 
z 
^calc 
F(OOO) 
Colour 
T(K) 
A 
// (Mo Ka) 
R 
K 
C2oH4oCU2N4S(j 
720.12 
centrosymmetric 
P2,/tt 
9.909(2) 
10.622(3) 
15.513(3) 
90 
102.002(7) 
90 
1596.9(7) 
4 
1.498 Mg/m^ 
748 
black 
295(2) 
0.71073 A 
1.87 mm-' 
0.0538 
0.0953 
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Fig. 1 Molecular Structure of [Cu(dtc)2] 
Fig.2 An ORTEP drawing of the centrosymmetric structure of [Cu2(dtc)4] 
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Table 2. Selected Bond lenghts (A) and angles (°) for Cu2(dtc)4 complexs. 
Cu-S(4) 
Cu-S(l) 
S(2)-C(l) 
S(l)-C(l) 
N(l)-C(4) 
N(2)-C(9) 
C(4)-C(5) 
C(9)-C(10) 
S(4)-Cu-S(3) 
S(3)-Cu-S(l) 
Cu-S(3)-C(6) 
C(l)-N(l)-C(4) 
S(2)-C(l)-S(l) 
S(l)-C(l)-N(l) 
S(4)-C(6)-S(3) 
S(3)-C(6)-N(2) 
Cu-S(2)-Cu' 
2.307(1) 
2.301(1) 
1.727(3) 
1.712(3) 
1.469(5) 
1.468(5) 
1.494(6) 
1.509(6) 
77.0(1) 
101.5(1) 
84.5(1) 
122.3(3) 
113.2(2) 
123.7(3) 
113.8(2) 
123.1(3) 
86.8(2) 
Cu-S(3) 
S(4)-C(6) 
S(3)-C(6) 
N(l)-C(l) 
N(2)-C(6) 
C(2)-C(3) 
C(7)-C(8) 
Cu-S(2)' 
S(4)-Cu-S(l) 
Cu-S(4)-C(6) 
Cu-S(l)-C(l) 
C(6)-N(2)-C(9) 
S(2)-C(l)-N(l) 
N(l)-C(4)-C(5) 
S(4)-C(6)-N(2) 
N(2)-C(9)-C(10) 
2.317(1) 
1.720(3) 
1.715(3) 
1.316(4) 
1.321(4) 
1.504(5) 
1.507(6) 
2.848(1) 
161.5(1) 
84.7(1) 
85.7(1) 
122.0(3) 
123.1(3) 
112.9(3) 
123.1(3) 
112.4(4) 
Cat-x,-y, 1-x) 
IR Spectra 
The region 1000 ± 70 cm"' is diagnostic of the nature of the dithio-
carbamato group"^ A single sharp v(C-S) observed in 1007-997 cm'' range 
(Table IV) indicates symmetrica] coordination of the dithiocarbamate group. 
Due to delocali2ation of electrons over entire SjCNR, region, a strong 
absorption band observed at 1495 cm"' is intermediate 
between v(C-N) and v(C=N) ^\ 
The v(M-S) is influenced by the nature of the metal ion"^  and the 
substituents attached with the nitirogen. In the present study, some medium 
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intensity bands are observed in the 380-400 cm"' range, which have been 
assigned to the v(M-S) "^  
^HNMR 
The 'HNMR spectra of the complexes were recorded in DMSO 
(Table III). The methylene protons showed a quartet in 3.50-3.62 ppm 
range while a triplet was observed in 1.05-1.17 ppm range for the methyl 
protons"^. 
Magnetic measurements and UV-Vis. spectroscopy 
The magnetic and spectroscopic data are listed in Table V. The 
magnetic susceptibility of the Mn2(dtc)4 at 298 K indicates that the Mn(II) 
ions are held in an octahedral environment. However, a lower value (5.69 
B.M.) might be due to deviation from regular octahedral geometry" .^ Two 
intense d-d bands at 18,348 and 20,790 cm"' corresponding to ''T2g(G) <— 
''Ajg and '^ig(G) <— ^A,g transitions, respectively, suggest a distorted 
octahedral arrangement of Mn(II) ions. 
The DMSO solution of Fe2(dtc)4 complex exhibits typical yellow-
brown colour for high-spin Fe(II) complex. A solitary intense band 
observed in the visible region at 22,935 cm"' has been assigned to spin-
allowed charge transfer, E^g <- %^ transition. This is quite characteristic for 
high-spin divalent metal ions with six-coordinated Hgand environment-^ 
The magnetic moment for the octahedral Fe(II) complexes lies at about 5.5 
110 
B.M. is nearly independent of temperature although a slight deviation is 
quite likely'" (5.18 B.M.). 
The Co2(dtc)4 depicts multifeatured bands of low intensity at 15,748 
and 23,419 cm"' attributable to %^(F) <- %^(F) and %^(P) <- %^(F) 
transitions, respectively. The highest energy d-d transition observed for 
distorted-octahedral complex is likely to be obscured by M -> L charge 
transfer'^ The magnetic moment value of 4.43 B.M., observed for the 
Co(II) complex in our case, is consistent with the predicted high-spin value 
for an octahedral / complex'^ ". 
For planar diamagnetic / metal ions, 'Ajg is the universally accepted 
ground state'^ Generally, the planar Ni(II) complexes containing NiS4 
chromophore, exhibit intense bands and remain unaffected by the change in 
the solvent"^ ''. In the present investigation, we observed absorptions at 
16,667 and 22,371 cm'' corresponding to spin-allowed transitions from 'Ajg 
state to the 'B,g and 'Bjg excited states, respectively. The above assertion is 
in line with most models for planar / systems. 
The octahedral Cu(II) complexes exhibit three transitions in the UV-
range with poor resolution. For the Cu2(dtc)4 complex, a relatively low 
intensity broad band centered at 16,000 cm'' was observed in addition to a 
sharp peak at 22,883 cm''. The broad band assigned to the superimposed 
"Ajg + "Eg + B^jg <— B^,g transition and the magnetic moment (1.95 B.M.) 
Ill 
suggest a distorted octahedral structure'^ '^''^  The observed magnetic moment 
value of 1.95 B.M. further supports the above proposed geometry. 
TGA/DSC 
The study of pyrolytic behaviour of metal dithiocarbamates has 
attracted attention in recent years, due to their extensive use as single source 
materials for bulk metal sulfides^l For instance, SnS and SnSs, have been 
deposited from (dtc)2Sn(RS) and (dtc)4Sn (where R = Cy and CH2CF3), 
respectively^*. 
The temperature range and the corresponding loss of mass are 
summarized in Table VI. The TGA profile of the complexes consists of two 
stages. The first thermal decomposition starts at about 200 °C and continues 
upto 310° C accounting for about 33 % weight loss, equal to peripheral 
ethyl groups. The second thermal degradation starts from 310 °C and trails 
upto 500 °C, corresponding to the loss of nitrogen molecule and the 
remaining organic moiety. Since the pyrolysis was carried out under an inert 
atmosphere, metal sulfides were obtained as a residual product in all the 
39 cases . 
The DSC profile exhibits a sharp exotherm for the thermolysis of 
ethyl groups while for the second degradation process an exothermic hump 
is observed indicating that the second process is slow. 
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Table IV. Cardinal IR stretching frequencies and HNMR assignments of the 
complexes. 
Compounds 
Mn(dtc)2 
Fe2(dtc)4 
Co(dtc)2 
Ni(dtc)2 
CU2(dtc)4 
v(M-S) 
(cm-') 
358 s 
357 s 
361s 
389 s 
358 s 
v(C-S) 
(cm-') 
997 s 
997 s 
1002 s 
993 s 
997 s 
v(C-N) 
(cm-') 
-
1351m 
1355 m 
1355 m 
1355 m 
5(CH2) 
(ppm) 
3.51 
3.50 
3.62 
3.55 
3.53 
6(CH3) 
(ppm) 
1.17 
1.09 
1.16 
1.13 
1.05 
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In compound (4) there is a single broad line spectrum with a half width 
half maximum at 556 Gauss. This indicates fast relaxation of the Cu(II) 
ions in the complex. The width can be attributed either to exchange 
interaction or dipolar interaction. But the shape of the spectral line, which 
is more of Gaussian than Lorenzian shape, indicates dipolar interaction. 
However, there is a small shoulder in the spectral line with g = 2.08, similar 
to compound (2), which is of unknown origin. 
Electronic Spectra 
The electronic spectra of compounds (1), (2) and (3) showed a peak at 
252 nm (log e = 2.23 1 mol"^  cm"^), 247 nm (log e = 1.211 moF^ cm~^ ) and 
262.4 nm (log 8 = 3.29 1 mol"^  cm~ )^, respectively, which is ascribed to 
L -^ M charge transfer. The slight variation in the absorption of compound 
(2) is due to the addition of SiCU. A slight variation also occurs in the L —> M 
absorption band when pyridine was added to compound (2). The L ^ M 
charge transfer band could not be detected in compound (4) which might have 
been obscured due to the replacement of chloride by the bulky dtc moiety. 
In compound (1), the d-d charge transfer band appears as broad band at 
584 nm (log 8 = 2.07 1 mol"^  cm~^ ) in the visible region. The same band 
appears^ ^^  at 970 nm in compound (2), at 900 nm in compound (3) and at 
about 1000 nm in compound (4). Copper in compound (1), (2), (3) and (4) 
appears to be tetragonally-distorted octahedral which splits the e and t2 level. 
EXPERIMENTAL 
Elemental analyses of the complexes were done with a Carlo Erba 1106 
analyser. IR spectra were recorded with a Perkin Elmer model 983 
spectrophotometer as KBr discs. UV-Vis. spectra were recorded in the 
200-1000 nm range in DMF using a Systronics 117 spectrophotometer at 
room temperature. Conductance measurements were made on a CM 180 Elico 
conductivity meter. EPR spectra of the solid compound were recorded on a 
RE-2X Jeol spectrometer fitted with 100 KHz field modulation. Chloride was 
determined as AgCl gravimetrically. Propanediamine (Fluka), CuCl2-2H20, 
pyridine, sodium diethyl dithiocarbamate (E. Merck), SiCU (BDH) were used 
as received. Ethyl alcohol was used after distillation over CaCl2. All other 
solvents obtained commercially were used without further purification. 
Preparation of Compound (1) 
CuCl2-2H20 (10 mmol, 1.70 g) dissolved in ethanol (25 mL) was 
added to an ethanolic solution (25 mL) of propanediamine (20 mmol, 1.64 
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IR Spectra 
The IR spectrum of the primary amine shows two N - H stretching 
frequencies in the range 3300-3500 cm~^ attributed to symmetric and 
asymmetric modes which are shifted to lower frequency by chelation^^^ 
(Table 2). In compound (1) there are two sharp bands at 3222 cm~^  
(asymmetric) and 3352 cm"'(symmetric), which are due to chelation of 
copper with ppn. However, a weak band at about 3430 cm"^ has also been 
observed. The N - H deformation band appearing at 1586 cm~^ as a sharp 
band is followed by a shoulder at 1657 cm~^ The other sharp bands in the 
range 900-650 cm~' are generally due to C-H absorption, which are 
weakened due to hydrogen bonding. A band appearing at 1213 cm"' has 
been assigned to v(C-N). 
In compound (2) the two v(N-H) bands (3082 and 3424 cm"') and two 
5(N-H) deformation bands (1482 and 1582 cm"') have been found to be 
shifted to lower wave numbers. This decrease is due to the replacement of 
hydrogen from NH2 by silicon [Eq. 1]. A band also appears at 1185 cm"', 
which is due to the C-N stretching frequency. 
When pyridine was added to compound (2), the v(N-H) frequency 
appears as a broad band at 3431 cm"' followed by a sharp, medium band at 
3040 cm"', which is split into three bands. There is a common band in the 
1657-1582 cm"' region in compounds (1), (2), (3) and (4). This is a 
characteristic band of primary amines, which persists in all the complexes. 
Three C=C and C=N absorption bands are known to appear in the 1580-
1485 cm"' range in free pyridine^^^ which have been found to be slightly 
shifted towards lower wave numbers in compound (3) due to coordination 
to silicon. Ring vibrations due to C-H deformation show two bands in the 
range 1000-1200 cm"' in pyridine.^ ^^ The appearance of these two strong 
Table 2. IR spectra of the complexes and their assignments (cm"'). 
Compounds 
Primary amines 
(1) 
(2) 
(3) 
(4) 
v(N-H) 
3500-3300 b 
3352 s 
3222 s 
3080 vw 
3424 vw 
3431 b 
3030 ms 
2984 ms 
3395 b 
5(N--H) 
1650-1590 m 
1586 s 
1582 s 
1575 s 
1614 s 
v(C-N) 
1220-1020 s 
1213 w 
1185 s 
1218 ms 
1217 s 
v(C=S) 
-
-
-
-
1020 s 
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(2) + 4py 
cr 
py I c i I py 
Cl. HN ; NH I ,C1 
Si CH Si 
I HN j NH 
py I c i 
CI 
py 
(2) 
(3) 
( 2 ) + 4(C2H5)2NCSSNa 
S = dtc 
CI 
HN r NH 
, 1 / \ ! / 
Si Cu 
Si 
S I HN I NH I S 
V_.s I CI I s _ y 
(3) 
(4) 
1 2 3 
mmols of CUCI2 added 
Figure 1. Plot of conductometric titration of 0.5 mmol of ppn (dissolved in 10 mL 
ethanol) with CUCI2 in mmols (0.05 molar solution in ethanol). 
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INTRODUCTION 
In recent years, studies of heteronuclear bimetallic complexes have 
been of increasing importance in inorganic and bioinorganic chemistryJ^"^^ 
In this communication an attempt has been made to synthesize a trinuclear 
compound containing three metal atoms and also to study their reactions. 
RESULTS AND DISCUSSION 
Analytical data, melting points and molar conductance of the 
compounds are given in Table 1. The conductometric titration of CUCI2 
with 1,3-propanediamine (ppn) in ethanol was done at ambient temperature 
and indicated the formation of a 1:2 compound (Figure 1). Further addition 
of Cu(II) ion into the propanediamine solution showed an increase in 
conductance which then became almost constant due to the increase in 
Cu(II) ion concentration, however, precipitation did not occur owing to very 
low concentration of the reacting components. The molar conductance of a 
one millimolar solution of the compound (1) in DMSO showed it (Table 1) 
to be a 1:1 electrolyte as has been noted for potassium thiocyanate^^^ 
in DMSO. 
Compound (1) was allowed to react with SiC^ according to Eq. 1 
resulting in the formation of a trinuclear compound containing one copper 
and two silicon atoms (2). Since Group IV elements have the capability 
to extend their coordination number from 4 to 6, pyridine was added 
to compound (2) to achieve a coordination number 6 at silicon, Eq. 2. 
Since Cu(II) is centrally placed in (2) and, being a non-linear molecular 
system, it will undergo some type of distortion which would lower the 
symmetry. Thus, a weakly held Cu(II) ion would have a distorted octa-
hedral geometry. 
CI 
H.N . NH2 
\ i / 
HjN I NH, 
' CI ' 
,Cu + 2SiCL ^ ^ /^V /V^ /^' (1) 
(1) (2) 
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ABSTRACT 
The new Schiff base 14-membered macrocycles, 1,5,8,12-tetraazacyclo-
tetradeca-6,7,13,14-tetraaminoacetic acid-5,7,12,14-tetraene (L ' ), 
1,5,8,12-tetraazacyclotetradeca-6,7,13,14-tetraaminopheny 1-5,7,12,14-
letraene (L )^ and !,5,8,12-tetraazacyclotetradeca-6,7,13,14-tetraamino-
pyridyl-5,7,12,14-tetraene (L^), have been synthesized by the reaction 
of N,N-dicarboxymethyloxamide, N,N-diphenyloxamide or N,N-
dipyridyloxamide with 1,3-diaminopropane. Their complexes with 
Cr(m), Mn(II), Fe(III), Co(n), Ni(n), Cu(II) and Zn(II) ions have been 
prepared and characterized by elemental analyses, IR, ' H NMR and 
electronic spectra, magnetic moment and conductivity measurements. 
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The complexes of the divalent metal ions are non-ionic while those of the 
irivalent metal ions appear to be 1:1 electrolytes. On the basis of these 
studies an octahedral geometry is proposed for all of the complexes. 
Key Words: 14-Membered macrocycles; Schiff base; Synthesis; Metal 
chelates. 
INTRODUCTION 
The design and synthesis of macrocycles and their metal chelates is a 
subject of current research interest.""^' A great deal of interest has been 
directed to metal complexes with functionalized macrocycles that have 
pendant functional groups.'^"'' The chemistry of macrocycles has aroused 
increasing interest in recent years due to their use as models for protein metal 
binding sites in metalloproteins, as therapeutic reagents in chelate therapy for 
the treatment of metal intoxication, in catalysis and in the treatment of 
cancer.""-'^' 
In this paper we report the synthesis and characterization of the 14-
membered N4 macrocycles L ' , L^ and L'' and their complexes with Cr(III), 
Mn(II), Fe(III), Co(II), Ni(II). Cu(II) and Zn(II) ions. 
RESULTS AND DISCUSSION 
The ligands were synthesized according to the scheme in Fig. 1. The 
complexes were synthesized by heating over a water bath for 6 h a 1:1 mixture 
of hydrated metal chloride dissolved in methanol and ligand in ethanol and an 
aqueous buffer of pH 4, which afforded a precipitate. It was washed with 
ethanol and dried over CaCl2. The molar conductances of one millimolar 
solutions in DMSO showed that the complexes of the divalent metal ions are 
non-electrolytes while those of the trivalent metal ions appear to be 1:1 
electrolytes"^' (Tables 1-3). 
MCl2-l-L-^[MLCl2] 
MCI3 + L - » [MLCl2]CI 
where L = L ' , L^ and L .^ 
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R R 
II II 
0 O 
+ 
H2N NH2 
1,3-diaminopropane 
EtOH 
Buffer of pH 4 
- 5 X 
R. .N N . .R 
X X 
N N 
R 
R = NHCH2C00H(L'), ,JSI (L )^ and HN' ^ HN' "N 
Figure 1. Synthesis of the ligands. 
^ -
IR Spectra 
The relevant IR bands and their assignments are listed in Tables 4-6. 
The two v(C=0) bands appearing at 1710 and 1640cm~' in N,N-
dicarboxymethyloxamide are lost and v(C=N) (1670cm"') appears, as a 
consequence of its reaction with 1,3-diaminopropane forming a macrocyclic 
Schiff base (Fig. 1). In the present work we have observed only one band in 
the 1670-1690 cm~' in the free Schiff base macrocycles which undergoes a 
shift to lower wave number after chelation. This decrease in v(C=N) in the 
complexes has been attributed to the coordination of the metal ion via 
nitrogen atoms. 
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Table 4. Important IR bands (cm"') of L ' and its metal chelates. 
Compounds 
L' 
[CrL'CUlCl 
[MnL'Cb] 
[FeL'ClzlCl 
[CoL'Clj] 
[NiL^Ch] 
[CuL^Clj] 
[ZnL'CIa] 
v(NH) 
3,350 s 
3,350 s 
3,350 s 
3,350 s 
3.350 s 
3,350 s 
3,350 s 
3,350 s 
v(C=N) 
1,680 s 
1,655 s 
1,640 m 
1,660 m 
1,670 m 
1,665 m 
1,665-m 
1,665 m 
Vs(COOH) 
l,410w 
l,410w 
l,410w 
l,410w 
l,410w 
1.4I0W 
l,410w 
1.410W 
Vas(COOH) 
l,6I5w 
l,615w 
l,615w 
l,615w 
l,615w 
1.615W 
l,615w 
l,615w 
v(M-N) 
— 
490 m 
460 m 
470 m 
480 m 
470 m 
470 m 
490 m 
v(M-Cl) 
— 
330 w 
350 w 
340 w 
342 w 
350 w 
345 w 
370 w 
The complexes exhibited new bands in the far-IR spectral region. The 
chromium(ni) complexes show vibrational modes in the 490-510 cm~' range 
which are assigned to (Cr-N) stretches. The other metal ions exhibit M-N 
stretches in the 420-495cm"' range. The v(M-Cl) band has been found to 
appear in the 310-370 cm"' range. It is apparent from the spectra thai both the 
nitrogen and chlorine are bonded to the metal ion. 
In the case of metal complexes of L ' nitrogen and oxygen of the pendant 
groups are not coordinated and hence their absorption bands remain 
unchanged throughout (Table 4). Similarly in the case of \} and L^ the 
pendant arms have not been found to be involved in coordination which is 
evident from their spectra (Tables 5 and 6). 
' H N M R Spectra 
The ligands L ' , \} and V show a triplet for the CH2 protons at S 2.7-2.9, 
which shows a downfield shift in the complexes as given in Table 7. 
Table 5. Important IR bands (cm"') of l? and its metal chelates. 
Compounds 
L^ 
[CrL^CIzJCl 
[MnL^Clj] 
[FeL^CIjlCl 
[CoL^Clj] 
[NJL^Clj] 
[CuL^Clz] 
[ZnL^Clj] 
v(NH) 
3,230 s 
3,230 s 
3,230 s 
3,230 s 
3,230 s 
3,230 s 
3,230 s 
3,230 s 
v(C=N) 
1,670 s 
1,645 m 
1,650 m 
1,655 m 
1,630 m 
1,625 m 
1,620 m 
1,665 m 
v(C=C) 
l,580w 
1,580 w 
1.580 w 
1,580 w 
1,570 w 
1,575 w 
1,580 w 
l,570w 
v(C-H) 
2,940 w 
2,955 w 
2,950 w 
2,960 m 
2,980 m 
2,960 m 
2,960 m 
2,980 m 
v(M-N) 
495 m 
475 m 
420 m 
480 m 
475 m 
485 m 
485 m 
v(M-Cl) 
330 w 
345 w 
340 w 
350 w 
340 w 
310w 
320 w 
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Table 6. Important IR bands (cm"') of L' and its metal chelates 
Compounds 
L' 
[CrL'CUlCl 
[MnL^Clj] 
[FeL'ClzJCI 
[CoL'Clj] 
[NiL^Clil 
[CuL^Clj] 
[ZnL^Clj] 
v(N-H) 
3,250 s 
3,250 s 
3,250 s 
3,250 s 
3,250 s 
3,250 s 
3,250 s 
3,250 s 
v(C=N) 
1,675 m 
1,660 m 
1,640 m 
1,655 m 
1,650 m 
1,650 m 
1,650 m 
1,650 m 
v(C=C) 
1,580 w 
l,580w 
1,580 w 
l^SOw 
l,580w 
l,580w 
l,580w 
1,580 w 
Pyridine 
ring 
vibration 
1,615m 
1,625 m 
1,625 m 
1,620 m 
1,615m 
1,625 m 
1,620 m 
1,625 m 
v(M-N) 
510m 
495 m 
470 m 
480 m 
495 m 
465 m 
480 m 
v(M-CI) 
335 w 
340 w 
350 w 
340 w 
330 w 
350 w 
350 w 
The pendant group containing the moiety CH2CO2H (L') exhibits a coinbined 
singlet for all of the methylene protons which is not influenced after 
metallation,"'*' The phenyl proton signal in N,N-diphenyloxamide (L )^ 
exhibits multiplets at 6 6.5-6.8 while L^  shows muhiplets due to pyridyl 
protons at 56.8-7.2. Since these pendant groups, both in the free and chelated 
macrocycles, did not show any change in the position of their proton signals, 
it is ascertained that they are not involved in coordination. 
Electronic Spectra and Magnetic Moments 
The magnetic moment values and electronic spectral bands are given in 
Tables 8-10. Three characteristic bands are anticipated for octahedral Ni(II) 
ion in the high-spin state. In the present case three bands observed at 23,255-
25,000cm"', 16,000-17,241 cm"' and 12,048-13.157cm"' have been 
assigned to %^(F) <- ^ A2g(F). ^T,g(F) ^ ^AjgCF) and ^T,j(P) *- 3A2g(F) 
transitions, respectively. The relatively low magnetic moment values and the 
electronic spectral bands suggest a distorted octahedral geometry for the 
nickel(n) ion (Fig. 2). 
In all Co(II) complexes three bands have been observed. The slightly low 
magnetic moment value for the complex of L' (4.4B.M.) is attributed to the 
thermal depopulation of an excited quartet spin state which may be tentatively 
ascribed to the increasing size of the pendant groups. However, the electronic 
bands and the pink colour of the complexes are consistent with an octahedral 
environment around Co(II) ion. 
The magnetic moments for the Cr(in), Fe(in) and Mn(II) complexes 
correspond to spin-free octahedral structures for the metal ion."^-'*' 
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R^ ^N \ N. .R 
R R 
Figure 2. General structure for the M(II) complexes (M(II) = MN(II), Co(II), Ni(II), 
Cu(II) and Zn(n)). 
The Cu(II) complexes with all of the three ligands show a charge transfer and 
a broad band in the 13,000-I6,000cm~' region assigned to the ^ i g *- ^Eg 
transition which is characteristic of an octahedral geometry for the Cu(II) ion. 
The magnetic moment values also support the above geometry for the Cu(n) ion. 
In the case of small macrocycles, the field strength of the ligand is affected 
by the ring size, especially in N4 ligands."'' The ring which fits a given metal ion 
produces a normal ligand field but when the size of the metal ion is relatively 
CI 
Figure 3. General structure for the M(in) complexes (M(ni) = Cr(ni) and Fe(iri)). 
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smaller it shows an abnormally large ligand field. In order to reduce strain, 
smaller rings get folded during chelation or the metal ions are kept on top of the 
ring as in the case of heme."*' However, the ionic radii of Co(n), Cu(II) and 
Zn(II) ions are almost identical (73-75 pm). They may match the cavity 
provided by the ring,' "*' while the Cr{ffl), Fe(IIl) and Ni(n) ions, (61.5-69.0 pm) 
appear to be loosely fitted. Mn(n) is fairiy large (83.0 pm) and it may, therefore, 
sit on top of the hole of the ring and may undergo appreciable distortion. 
EXPERIMENTAL 
Synthesis of N,N-Diphenyloxamide and 
N,N-Dipyridyloxamide 
NaOH (20mmol, 0.80 g) dissolved in the minimum amount of water was 
added to aniline (20 mmol, 1.86 mL) or 2-aminopyridine (20 mmol, 1.88 g) in 
ethanol (25 mL). Diethyl oxalate (10 mmol, 1.35 mL) was then added and the 
mixture was heated to 60 °C for 4 h with continuous stirring. It was then cooled 
to 0 °C and an excess of 10% HCl was added causing immediate precipitation 
of a white product which was washed with ethanol and crystallized from a 2:1 
mixture of ethanol and an aqueous buffer of pH 4 prepared from a mixture of 
8mL of 0.2 N acetic acid and 2mL of 0.2 N sodium acetate,"" 
Synthesis of L ' , \} and L^ 
1,3-Diaminopropane (20 mmol, 1.3 mL) was added drop-wise to N,N-
dicarboxymethyloxamide (20 mmol, 4.08 g) dissolved in the lOOmL ethanol 
buffered at pH 4 at ambient temperature and refluxed for about 20 h. This 
mixture was cooled to - 5 °C and an excess of 10% HCl was added and the 
mixture was then left for two days at this temperature, which afforded a white 
product. It was recrystallized from a 1:1 mixture of ethanol and aqueous buffer 
of pH 4. Yield, 1.6g(30%). 
l} and L^  were synthesized by the same procedure using N,N-
diphenyloxamide and N,N-dipyridyloxamide in place of N.N-dicarboxy-
methyloxamide. Yields, 1.5 g (24%) and 1.3 g (22%), respectively. 
Synthesis of Complexes 
A mixture of hydrated metal chloride (1 mmol) in 20 mL methanol and 
the ligand (I mmol) dissolved in a mixture of 10 mL ethanol and lOmL of an 
I 
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aqueous buffer of pH 4 was heated on a water bath for 6 h, which yielded a 
precipitate. It was filtered, washed with ethanol and dried in vacuo. 
Materials and Methods 
Glycine, aniline, 2-aminopyridine, diethyl oxalate, hydrated metal salts 
(BDH) and 1,3-diaminopropane (Koch Light) were used as received. N,N-
dicarboxymethyloxamide was synthesized by the literature method.'^ "' 
Elemental analyses were carried out with a Thomas and Coleman 
analyzer. The metals were determined by complexometric titration and 
chloride was determined gravimetrically.'"" The IR spectra (4000-200cm"') 
were recorded on a 621 Perkin-Elmer grating spectrophotometer as KBr disc. 
The electronic spectra were recorded on a Carl-Zeiss VSU2P spectrometer in 
DMSO. Magnetic susceptibility mea.surements were done with a model 155 
Allied Research vibrating sample magnetometer and the molar conductances 
were measured at room temperature using a Systronics 321 conductivity 
bridge. The NMR spectra were recorded on a Varian A-60 D spectrometer. 
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ABSTRACT 
Complexes of SnClj-py with MCI2, where M = Mn(n), Fe(II), Co(II), 
Ni(II). and Cu(II),.have been prepared and characterized by the elemental 
analysis, TGA, DTA, EPR, and IR spectra. All the compounds prepared 
are stable at room temperature but they are hygroscopic in nature. 
Substitution reactions of SnCl2 • pyCMClj) by dithiocarbamate afforded 
(SnClj • py)2M(dtc)2. An octahedral geometry for the metal dithiocarba-
mates has been proposed. 
Key Words: Sn(n) adduct; Stannylenes; Sodium diethyldithiocarbamate; 
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INTRODUCTION 
R2Sn(n) compounds, also known as stannylenes'" can be used to form 
adducts with transition metal salts, provided that tin(II) is already bonded to 
a Lewis base such as pyridine, leading to the formation of SnCK • py. The 
Sn(II)-transition metal complexes can be prepared by the reaction of SnCl2 • py 
with another metal chloride. 
RESULTS AND DISCUSSION 
In the present communication an attempt has been made to synthesize 
Sn(n)-transition complexes according to Fig. 1. Replacement of chloride 
from the transition metal by sodium diethyldithiocarbamate (dtc) has been 
done to increase the coordination number of the central transition metal ion. 
Elemental analyses and molar conductances are given in Table 1. All of the 
compounds are thermally stable at room temperature but they are hygroscopic 
and are amorphous powders. The molar conductances of 1 millimolar 
solutions of the compounds measured at room temperature in DMSO 
suggests them to be between 1:1 and 1:2 electrolytes'^' (Table 1). This is 
N 
CI—Sn—CI 
f 
Cl—Sn-Cl 
M = Mn{ll), Vc(Il), Co(ll), Ni(ll) and Cu(ll) 
Figure 1. Preparation of the compound {SnCU • py)MCl2. 
M.Mwvi. Dts^vFK. INC. 
270 Mailisim Avenue. .New York, NiwYork lOOifi m 
ORDER '•" I REPRINTS 
Reaction of Sn(II) Adduct with MClj 777 
quite reasonable as DMSO may replace the chloride ions from the metal ion as 
shown below: 
(SnCh • py)2MCl2 + DMSO —^ [(SnClj • py)2MCl(DMS0)]+ + Cr 
[(SnCia • py)2MCl(DMS0)]+ + DMSO - > [(SnCh • py): 
xM(DMS0)2]-++Cr 
The conductometric titration of CuCK-21120 with SnCKpy in 
methanol was done at room temperature and indicated the formation of a 
1:2 (CuCla: SnCl2 • py) compound (Fig. 2). When SnCb • py is added to CuCI^ , 
the conductance increases until two moles of SnCl2 • py were consumed and 
thereafter became constant. However, during the preparation of the com-
plexes, (SnCl2 • py)2MCl2 the color change of various complexes on refluxing 
is shown in Table 1. 
A replacement reaction was done with dtc to check whether the 
chlorines from SnCU or from CuCl2 are replaced. The reaction was 
carried out at room temperature and resulted in the formation of metal 
dithiocarbamates. 
(SnCh • py)2CuCl2 + 2Et2NCS2Na - * (SnCh • py)2 
X Cu(S2CNEt2)2 + 2NaCl 
When SnCl2 alone was allowed to react with Et2NCS2Na at room temperature no 
reaction occurred even when the reaction mixture was left overnight. It is, there-
fore, ascertained that chlorine is replaced from CUCI2 by dtc groups making the 
metal ion six-coordinate (Fig. 3) as the CS2 groups act as bidentate ligand. 
TGA/DTA 
The TGA profiles for all the compounds are essentially similar because 
the change of the metal ion, M does not result in a large change in the 
decomposition temperature hence only the TGA of (SnCl2 • py)2CoCl2 is 
described here. Thermal degradation occurs predominantly in three stages''' 
(Table 2), In the beginning, nearly 27.5% of the weight loss occurs between 
70 and 142 °C, which corresponds to the removal of two moles of pyridine 
and continues until the temperature reaches 340 °C. In the second step, nearly 
32.1% of the weight loss occurs between 340 and 462 °C. This loss in weight is 
due to the removal of six chlorine atoms from the complex. In the third step, 
only cobalt and tin were left, which constitute about 44% of the complex and 
were converted to their corresponding oxides in the temperature range of 
•KKfH, 1 MAKVFf. 1;! 
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o U 
0 1 2 3 
mmolsof SnCljpy added. 
Figure 2. Plot of the conductometric titration of I mmol of CUCIT with SnCl2 • py. 
462-605 °C. After this, the graph shows a flat line indicating that there was no 
further change. The entire weight loss is very close to the calculated value for 
each step. 
The DTA profile exhibits enthalpic changes from the endothermal and 
exothermal bands and peaks. The DTA curve supports the TGA result. The 
r^ 
(SnCl2.py)2CuCl2 + 2Et2NCS2Na 
• 2NaCl 
I 
,N, 
c 
Figure 3. Formation of (SnCI^  • py)2Cu(dtc)2. 
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Table 2. Weight loss of the various fragments in the compound (SnClj • py)2CoCl:. 
Fragment Py CI Co + Sn 
Temperature range (°C) 70-340 340-462 462-605 
Weight loss, found (calc), % 27.50(23.66) 32.1(31.85) 44(44.18) 
No, of entities 2 6 Corresponding 
oxides 
pyridine is lost in two steps in the ranges between 140 and 183 °C and 183 and 
277 °C. These are endothermic reactions as exhibited by the peaks. There is no 
significant change in the temperature range 277-387 °C. The exothermal band 
appears at 443 °C, which is due to evolution of chlorine as HCl. After this, 
only metal oxides are left which on raising the temperature gave an exother-
mic peak at 520 °C. 
IR Spectra 
The IR spectra of the compounds show identical absorption bands 
because all the compounds'"*" '^ are of the same type. Two sharp peaks appear-
ing at 1604 and 1532cm"' have been assigned to v(C=C) and v(C=N) of 
pyridine'" which are shifted to lower wave number after coordination with 
metal ions (Table 3). Another sharp peak at 3054 cm"' appears to be due to 
v(C-H) of the pyridine ring. The ring vibration appears as a sharp band in 
the n90-1194cm~' range and dose not exhibit any significant change 
even after coordination with the metal ion. 
EPR Spectra 
The EPR spectra of (SnCl, • py)2CuCl2 and (SnClj • py)2MnCl2 were 
studied and the following inferences were drawn. The EPR spectrum 
of Cu(II) compound, (SnClj • py)2CuCl2 gave ,^, = 2.081 and ^x = 2.17, 
which indicate a tetragonal environment for the Cu(II) ion. As gn < gj,, 
the ground state wave function is indicated to be d.2-r2. The tetragonal 
distortion of the octahedral field can be visualized by intermolecular 
interaction in the same way as indicated in Fig. 1. It may interact with the 
four molecules in the crystal in the immediate neighborhood as shown in 
Fig. 2. 
M-..'«-Fi. l/( sun. INC. 
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Table 3. IR spectra (cm ) of compounds and their assignments. 
Compounds 
Pyridine 
(SnCl2-pyhMnCl: 
(SnCi2py)2FeCi2 
(SnCl2py)2CoCl2 
(SnCi2-py)2NiCl2 
(SnCl2py)2CuCi2 
(SnCl2py)2Cu(dtc)2 
v(C=C) 
1,600 b 
1,604 s 
1,604 s 
1,604 s 
1,604 s 
1,600 s 
1,607 s 
v(C-H) 
3,070 b 
3,054 sm 
3,071 sm 
3,062 sm 
3,062 sm 
3,062 sm 
3,060 sm 
v(C=N) 
1,570 s 
1,532 s 
1,531 s 
1,528 s 
1,528 s 
1,528 s 
1,530 s 
v(C=S) 
— 
— 
— 
— 
— 
— 
1,016 s 
Ring vibration 
1,200 b 
1,194 s 
1,194 s 
1,174 s 
l,I90s 
1,190 s 
1,194 s 
In Fig. 4, only pan of the molecule is shown as the intervening chloride 
ions are shared between two Cu(II) ions. There are only CI ions attached to 
the Cu(II) ions as in the isolated single molecule. The four CI ions may provide 
the square-planar environment and Sn atoms lie on the z-axis, above and 
below the Cu(II) ions. 
The EPR spectrum of Mn compound shows a single broad band with 
g = 2.05 and a peak to peak width of 570 Gauss. The line profile is Gaussian 
and the width can be explained by magnetic dipolar interaction with the 
neighboring Mn(II) ions. If we take the same structure as illustrated in the 
case of Cu(II) compound, there are four Mn(II) ions in the immediate neigh-
borhood surrounding the central Mn(II) ion or it means that each Mn(II) ion 
will interact magnetically with four other nearest Mn(II) ions. According to 
the well-known Van-Vleck formula for polycrystalline samples connecting 
Py 
S n -
f 
Sn /—Sn 
^ \ 
C I — M — C I M—CI M—CI 
Sn-
/ \ 
- S n -
Py 
• S n -
Py 
Figure 4. Intermolecular interaction in (SnClj • py)2MCl2. 
MAU-VFI, l)!-KU-:i(. ! s c . 
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line width with distance between the lines, we have 
3 
5 (Av2)av = lgYh-^s{s + 1) ^ r ^ j k = 570 Gauss k 
(Av^ )av is the square of the line width, where the symbols have their usual 
meanings and in the summation sign j represents the central ion and k runs 
from 1 to 4 corresponding to four nearest Mn(II) ions. Calculating r, i.e., dis-
tance between the two nearest Mn(II) ions (taking all distance to be the same), 
it comes out to be 5.30 A. The ionic radius of Mn(n)'*' has been reported to be 
either 0.91 A or 0.8 A and that of CI" = 1.81 A.'**' Ordinarijy, in the crystal-
line structure, the Mn(II)-Cl distance should be 2.16 or 2.72 A and the distance 
between the two nearest Mn(n) ions bridged by CI" ion should be twice the 
above value i.e., 5,22 or 5.44 A if the Mn(II)-Cr-Mn(II) angle is taken to 
be 180°. The Mn(II)-Mn(II) distance calculated by the line-width formula 
is in between these two values. It further supports our proposed structure 
for the copper and manganese compounds. 
EXPERIMENTAL 
Materials and Methods 
Metal chlorides (BDH), SnCl2 • 2H2O and pyridine (E. Merck) were used 
as received. Methanol was distilled before use. 
Synthesis of SnCU • py 
SnCb • 2H2O (E. Merck) was dried over acetic anhydride (E. Merck). It was 
purified by washing with diethyl ether and dried again over calcium chloride. 
To the solution of anhydrous SnCl2 (lOmmol, 1.89g) in 25 mL methanol 
containing a pellet of tin metal, a methanolic (15 mL) solution of pyridine 
(lOmmol, 0.87 mL) was added dropwise at room temperature. A white precipi-
tate formed immediately, the supernatant was decanted, the precipitate washed 
with methanol and dried over calcium chloride. 
Synthesis of (SnCl2 • py)2MCl2 
To the suspension of SnCl2-py (20mmol, 5.37 g) in methanol (25 mL) 
containing a pellet of tin metal, a methanolic (15 mL) solution of anhydrous 
MCI2 (lOmmol) [M = Mn(II), Fe(II), Co(II), Ni(II) and Cu(II)] was added 
slowly at room temperature. The mixture was refluxed on a water-bath until 
M.-Ktri .I 'rKK-ii . I N C . 
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the color of the solution changed from colorless to bluish green. The mixture 
was left overnight at room temperature which afforded a precipitate. It was 
filtered, washed with methanol and dried in vacuo. 
Synthesis of (SnC^ • py)2Cu(dtc)2 
To a methanolic suspension (20 mL) of SnCl2 •pyCuCl2 (2mmol, 1.34g) 
a methanolic solution (20 mL) of sodium dtc (4 mmol, 0.90 g) was added drop-
wise at room temerature. A small granule of tin metal was added to prevent the 
oxidation of Sn^ "*" to Sn'*'^ . A brown compound started precipitating immedi-
ately which was left for 1 hr at room temperature. It was filtered, washed with 
methanol and dried over calcium chloride in vacuo. 
Physical Measurements 
Elemental analyses of the complexes were done with a 1106 Carlo Erba 
analyser, IR spectra were recorded with a 983 Perkin Elmer spectrometer as 
KBr discs. Conductance measurements were made on a CM 180 Elico conduc-
tivity meter in DMSO. EPR spectra of the solid complexes were recorded on a 
RE-2X Jeoi EPR spectrometer fitted with 100 KHz field modulation. 
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Convenient One-Pot Synthesis of 
Symmetrical Dithiocarbamates 
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ABSTRACT 
Self-assembled symmetrical metal dithiocarbamates of the type M2(hdtc), 
where [M = CoaD, Ni(n), CuOI), Zn(n), Cd(n), and Hg(ID and hdtc = 
(S2N2C3H4)2CH2] with a closed-ring system, have been synthesized by a 
convenient one-pot synthesis in moderate yields. Based on elemental 
analyses, IR, TGA, and magnetic susceptibility measurements, a square-
planar geometry has been proposed for the Co(n), Ni(n), and Cu(n) dithio-
carbamates, while the Zn(II), Cd(II), and Hg(n) complexes have been 
suggested to have a tetrahedral geometry. It has been observed that the 
dithiocarbamato moiety is symmetrically bonded to the metal ion via both 
sulfur atoms of the -NCS2 group. Since the dithiocarbamates are covalently 
bonded to the metal ions they are non-conducting in solution. 
Key Words: One-pot synthesis; Square-planar geometry; Magnetic 
measurements; Vulcanization. 
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INTRODUCTION 
Dithiocarbamates have the exceptionally well known dual property of 
acting both as monodentate and bidentate ligands similar to catechol.''^ The 
synthetic utility of the dithiocarbamato moiety (M-S2CNR2) is due to the 
inclusion of a variety of organic substituents (R) in the stable ligand. Recently, 
a new heterobimetailic complex containing Re and Mn has been reported 
where a bridging methyl dithiocarbamato ligand has been generated by the 
electrophilic addition of isothiocyanate to the bridging sulfur anion followed 
by the coordination of the nitrogen'^' to Mn. 
Tin dithiocarbamates are one of the most extensively'^' studied groups of 
complexes where dithiocarbamate acts as a monodentate as well as a bidentate 
ligand. They have also been examined for their antitumor activity,''*' and to 
obtain molecular precursors for tin-sulfide films, which find application as 
photovoltaic materials, holographic recording systems and solar control 
devices.'^' In fact, dithiocarbamate derivatives of tin are considered as the 
most promising species for metal chalcogenide deposition.'^' Dithiocarba-
mates are employed in the construction of nanosized resorcarene-based 
assemblies'*' due to their coordinating properties. They are exploited as 
molecular receptors in which metal ions or multiple substrate molecules can 
be bound, stored, or transported to the required active site.'''"^' 
Re and Tc dithiocarbamates play a vital role in the design and synthesis of 
new radiopharmaceuticals for nuclear medicine.''' Te(IV) dithiocarbamates 
are used as accelerators in rubber vulcanization, etc.'"" Mixed dithiocarba-
mates of Zn and Cd are used to obtain thin films of ZnS and CdS.'"' In 
view of the dual nature, fungicidal''^' and pharmaceutical properties of dithio-
carbamates, we have attempted the one-pot synthesis of transition metal 
dithiocarbamates in order to study their mode of bonding as well as their 
spectroscopic, magnetic, and thermogravimetric properties. 
EXPERIMENTAL 
Hydrated metal chlorides (BDH), acetylacetone, carbon disulfide, sodium 
hydroxide (Merck), and hydrazine hydrate (Ranbaxy) were used as received. 
Methanol was used after distillation. Elemental analyses (C, H, N) were 
carried out with a 1106 Carlo Erba analyzer. IR spectra (4000-400cm"') 
were recorded on a RXI FT-IR spectrometer as KBr discs. The conductivity 
measurements were carried out with a CM-82T Elico conductivity bridge in 
DMSO. The electronic spectra were recorded on a Cintra 5GBC spectropho-
tometer in DMSO. Magnetic susceptibility measurements were done with a 
155 Allied Research vibrating sample magnetometer at room temperature, 
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while TGA was performed with a Perkin Elmer (Pyris Diamond) thermal ana-
lyzer. The experiments were done in nitrogen atmosphere using alumina 
powder as reference material. The weight of the sample taken was in 
between 8 and lOmg and the heating rate was 10°C/min. 
Synthesis of the Complexes 
To acetylacetone (20.0 mmol, 2.05 mL) in methanol (20.0 mL) was added 
slowly a methanolic .solution (lO.OmL) of hydrazine hydrate (40.0 mmol, 
1.94mL) with continuous stirring to obtain a creamish solution, which on 
stirring for a while becomes transparent at room temperature. To this reaction 
mixture was added carbon disulfide (40.0 mmol, 2.41 mL) in 10.0 ml, 
methanol, and finally a methanolic solution (20.0 mL) of the metal chloride 
(20.0 mmol) to obtain the immediate precipitation of the desired metal 
dithiocarbamate (as shown in Fig. 1). The precipitate was filtered, washed 
thrice with methanol, and dried over calcium chloride in vacuo. 
RESULTS AND DISCUSSION 
The analytical data (Table 1) of the transition metal dithiocarbamates 
correspond to the composition M2(hdtc)2, where M = Co(II), Ni(II), Cu(II), 
Zn(II), Cd(II), and Hg(II) and hdtc = (S2N2C3H4)2CH2. They are thermally 
stable and decompose between 220 and 324 °C. Their molar conductance of 
1 mm solutions measured in DMSO indicated that they are non-electrolytes.''^' 
IR Spectra 
Several papers have been published regarding the distinction between 
symmetrical and unsymmetrical bonding modes of dithiocarbamato groups. 
It is almost certain that the v(C-S) region between 950 and 1050cm"' is diag-
nostic of the nature of dithiocarbamato group vis-a-vis monodentate or biden-
tate ligand. Bradley and Gitlitz''"*' have shown that the presence of only one 
band in the 1000 ± 70cm~' region is characteristic of a bidentate nature 
for the dithiocarbamato moiety, while the splitting of the same band within 
a difference of 20cm"' in the same region is due to the monodentate 
binding of dithiocarbamate ligand. Brinkhoff and Grotens''^' have also 
observed the v(C-S) band to appear in almost the same region. In the 
present study, we have observed a single sharp absorption band in the 961-
1038 cm"' range which has been assigned to v(C-S) confirming the bidentate 
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Figure I. Template synthesis of metal dithiocarbamates of the type M2(hdtc)2, where 
M = Co(II), Ni(n), Cu(II), Zn(n), Cd(II), Hg(n) and hdtc = (S2N2C3H4)2CH2. 
nature of bonding of the dithiocarbamate to metal ions. A common thioureide 
band (S2C NR2) has also been observed in the 1597-1618cm"' range 
which is intermediate between C-N and C=N and might be due to delocali-
zation of electrons (S2C N) leading to an increase in 7r-bond character. 
For a symmetrically bound dithiocarbamate, this band normally appears at 
higher wave numbers than an unsymmetrically bonded dithiocarbamate."^' 
It appears from the narrow range of the C-N stretching frequency (Table 2) 
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Table 2. Important IR bands (cm ) and their assignments. 
Compound 
C02(hdtc)2 
Ni2(hdtc)2 
CU2(ildtC)2 
Zn2(hdtc)2 
Cd2(hdtc)2 
Hg2(hdtc)2 
v(M-S) 
412m 
422 m 
423 m 
423 m 
415m 
422 m 
v(C-S) 
975 s 
980 s 
999 s 
979 s 
961s 
1038 s 
v(C-N) 
1617s 
1618s 
1614s 
1616s 
1597 s 
1617s 
v(N-H) 
3414 m 
3412m 
3414 m 
3414m 
3417m 
3414m 
that the band is insensitive to the nature of the metal ion.'"*^ New absoiption 
-1 bands were observed in the region 408-423 cm" 
stretching frequencies.''^' 
and are assigned to M-S 
TGA 
The TGA of Co2(hdlc)2, Ni2(hdtc)2, and Cu2(hdtc)2 have been recorded 
under nitrogen atmosphere (Table 3). The pattern of the thermogram of all 
the dithiocarbamato complexes is simple and essentially similar"^' because 
ligand bonding does not seem to be sensitive to the nature of the metal ions. 
Table 3. Thermal degradation of various fragments in the compound Co2(hdtc)2, 
Ni2(hdtc)2, and Cu2(hdtc)2. 
Fragments 
Four methyl 
groups weight 
loss (%) found 
(Calcd.) 
Four CS2 groups 
weight loss (%) 
found (Calcd.) 
Organic moiety 
weight loss (%) 
found (Calcd.) 
Residue weight 
loss (%) found 
(Calcd.) 
Co2(hdtc)2 
9.04 
(8.9) 
44.98 
(45.11) 
28.39 
(28.46) 
17.42 
(17.45) 
Ni2(hdtc)2 
9.03 
(8.91) 
45.06 
(45.14) 
28.33 
(28.48) 
17.42 
(17.39) 
Cu2(hdtc)2 
8.84 
(8.78) 
44.38 
(44.49) 
28.16 
(28.04) 
18.38 
(18.56) 
Temperature 
range (°C) 
60-180 
180-380 
380-575 
575-800 
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The first thermal degradation in all the complexes indicates a weight loss of 
~ 9 % in the temperature range of 60-185 °C corresponding to four terminal 
methyl groups of the ligand liberated as methane (Fig. 1). The second stage 
of pyrolysis occurs between 185-380°C corresponding to four CS2 groups 
constituting 45% of the total weight (Table 3). In the subsequent step, 
nearly 28% of the weight loss is indicated which is equal to the remaining 
part of the organic molecule. Since thermograms were obtained in nitrogen 
atmosphere only metal was left in the end. 
Electronic Spectra and Magnetic Moments 
The magnetic moment values and electronic spectral bands are given in 
Table 4. The elecu^onic spectra of the yellow Co(Il) complex exhibits a band 
at 14,765cm"' which may be assigned to the '*Tig(P) •<-''A2g transition. 
Although the square-planar complexes of Co(n) are not very common, the 
room temperature magnetic moments (ranging from 2.1-2.8 B M " ^ ' ) suggest 
that all are low-spin with a square-planar geometry. For Co(II) dithiocarbamate, 
a magnetic moment value of 2.78 BM was measured which falls above the range 
for low-spin square-planar Co(n) ion. The high magnetic moment value might be 
due to the considerable orbital contribution to the overall magnetic moment.'^"' 
In the electronic spectrum of Ni2(hdtc)2, there are two maxima at 22,368 
and 12,087 cm~' which may be attributed to 'B2g •<- 'A2g and 'A2g <- 'A|g 
transitions, respectively. Square-planar complexes of the d* configuration are 
of the spin-paired type and all are diamagnetic.'^'^ The moment, however, 
varies between 0 and 3.2 BM but it is dependant on the temperature and 
Table 4. Magnetic susceptibility, electronic spectra, and ligand field parameters of 
dithiocarbamato complexes. 
Magnetic 
moment Electronic Possible 
Compounds (BM) bands (cm"') assignments 10D^(cm"') 
2,236 
C02(hdtc)2 
Ni2(hdtc)2 
Cu2(hdtc)2 
Zn2(hdtc)2 
Cd2(hdtc)2 
Hg2(hdtc)2 
2.78 
2.35 
1.83 
Diamagnetic 
Diamagnetic 
Diamagnetic 
14,765 
22,368 
12,087 
17,346 
10,945 
— 
— 
— 
'T,g(P) ^ V j g 
B2g <- A|g 
'A2g-«-'A|g 
' A , g ^ ' B , g 
Eg *- B|g 
— 
— 
— 
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concentration of the complex. Certain Ni(n) square-planar complexes show 
magnetic moments between 0 and 3.2 BM in the solid state. It is thought that 
the solid complex might contain the nickel(n) both in a square-planar and 
octahedral environment.'^^' In the present work, the value of 2.35 BM for the 
Ni(n) ion suggests a square-planar geometry for the metal ion. 
The green Cu(II) complex shows a broad band near 33,322cm"' due to 
charge transfer, while two bands at 17,346 and 10,945 cm~' are assigned to 
^Aig •«- ^ B|g and E^g •<- ^ Big transitions, respectively. Because of the separa-
tion between the d-orbitals of the order of 10,000 cm"', the magnetic moment 
value for the Cu{ll) ion is approximately 15% higher than the calculated one. 
A value of 1.83 BM'^^ ' for Cu(II) ion lies in the expected region as has been 
found for Cu(dimethylglyoximate)2'^^' confirming the proposed square-planar 
geometry for the Cu-dithiocarbamate. 
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Synthesis, Characterization and Thermal Studies 
of Bipyridine Metal Complexes Containing 
Different Substituted Dithiocarbamates 
K. S. Siddiqi, Shahab A. A. Nami, and Lutfullah 
Department of Chemistry, Aligarh Muslim University, Aligarh, India 
Yonas Chebude 
Department of Chemistry, Addis Ababa University, Addis Ababa, Ethiopia 
Complexes of the type [Mpy2(dedtc)2], and [Mpy2(dpdtc)2], 
where M = Mn(Il), Fe(II), Co(II), Ni(II), Cu(II), Zn(Il), py = 
pyridine, dedtc = diethyldithiocarbamate and dpdtc = diphenyi-
dithiocarbamate, have been synthesized and characterized by 
elemental analyses, magnetic susceptibility, TGA/DSC and IR in 
the solid-state, and electronic spectroscopy and conductivity 
measurement studies in solution. The dithiocarbamato moiety 
has been found to be symmetrically bonded to the metal. The 
complexes are proposed to have a distorted-octahedral structure. 
The ligand field parameters 10 Dq, B and p have also been evalu-
ated. The value of p indicates a considerable orbital overlap in the 
complexes. A two-stage decomposition pattern leading to the 
formation of respective metal sulfide as the end-product has 
been observed in all the complexes. Their molar conductance 
indicated them to be non-electrolyte in nitrobenzene. 
Keywords diethyldithiocarbainate, diphenyldithiocarbamate, metal 
complexes 
INTRODUCTION 
Unidentale, as well as bidentate, nature of dithiocarbamate is 
well established (Kana et al., 2001; Law et al., 2003). Much 
attention has been devoted to the study of dialkyldithiocarba-
mates (Zhu et al., 2002; Jian el al., 1999) with special reference 
to Cu(n)dialkyldithiocarbamate because of its extensive use as 
single-source molecular precursors for the growth of 
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semiconducting copper sulfide thin films (Ngo et al., 2003). 
In addition, Cu(n)dialkyldithiocarbamate is also employed in 
the preparation of single source MOVCD precursors for 
mixed metal sulfide thin films, like copper-indium sulfide or 
copper-doped cadmium sulfide (Ngo et al , 2003). Diethyl-
dithiocarbamate has also been shown to inhibit Cu/Zn-superox-
ide dismutase (SOD) activity through the withdrawal of Cu 
from the protein both in vivo and in vitro systems (Cocco 
etal., 1981). 
Beside this, dithiocarbamates have been clinically used and 
were shown to be safe and efficient in the treatment of HIV-
infected patients (Nagano and Yoshimura, 2002). 
One of the most striking properties of dithiocarbamate 
group is its high nucleophilicity, which leads to a large 
number of biologically active derivatives (Ileiv et al., 1984). 
In view of diverse application of dithiocarbamates (Chaurasia 
et al., 1981) and various biological aspects of pyridine 
(Gokhale et al., 2003) it is found worthwhile to study 
complexes containing both S and pyridine. Although the 
reports on metal dithiocarbamates are extensive, the studies 
on transition metal complexes containing both dithiocarbamate 
moiety and pyridine ligand are scarce (Ivanov et al., 1999; 
Yusuff et al., 1983). In this article, we are reporting the 
synthesis and characterization of mixed ligand complexes of 
the type [M(dedtc)2(py)2l and [M(dpdtc)2(py)2], where 
M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), py = pyri-
dine, dedtc = diethyldithiocarbamate and dpdtc = diphenyl-
dithiocarbamate. 
EXPERIMENTAL 
General Consideration 
Diethyl amine, diphenylamine, carbon disulphide, sodium 
hydroxide (Merck), pyridine (Ranbaxy) and hydrated metal 
chlorides (BDH) were used as received. Methanol was distilled 
before use. Elemental analyses (C, H, N and S) were carried out 
445 
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with a CE Instruments Flash EA 1112. IR spectra (4000-
350cm"') were recorded on a Perkin Elmer Spectrum BX as 
KBr discs. The conductivity measurements were carried out 
with CM-82T Elico conductivity bridge in nitrobenzene. The 
electronic spectra were recorded on a Cintra 5GBC spectropho-
tometer in nitrobenzene. Magnetic susceptibility measure-
ments were done with a Sherwood Scientific MSB auto at 
room temperature. TGA/DSC was performed with a universal 
V3.5B TA SDT Q600 V3.8 built 51 thermal analyzer. The 
experiment was done under nitrogen atmosphere using 
alumina powder as the reference material. The weight of the 
sample was taken in between 6 to 16mg, and the heating rate 
was maintained at 10°C/min. 
Synthesis of Sodium Diethyl Dithiocarbamate (Nadedtc) 
A solution of diethyl amine (50 mmol, 5.22 mL) in 50 mL of 
methanol was taken in a round bottom flask and cooled in an 
ice bath. Neat carbon disulphide (50 mmol, 3.02 mL) was 
added slowly with constant stirring to obtain a white precipi-
tate. To this reaction mixture, NaOH (50 mmol, 2.0 g) dis-
solved in a minimum amount of water was added dropwise 
with stirring. The precipitate dissolved and the stirring was 
continued for four hours. The content was then allowed to 
stand overnight at room temperature to obtain needle shaped 
crystals of sodium salt of diethyl dithiocarbamate (dedtc), 
which was filtered, repeatedly washed with methanol and 
cold diethyl ether, and dried in vacuo. 
Synthesis of Sodium Diphenyl Dithiocarbamate (Nadpdtc) 
A methanolic solution (50 ml) of diphenylamine (50 mmol, 
8.46 g) was taken in a round bottom flask and cooled in an ice 
bath. Neat carbon disulphide (50 mmol, 3.02 mL) was added 
dropwise with stirring to obtain an immediate white precipi-
tation. To this, a solution of NaOH (50 mmol, 2.0 g) dissolved 
in minimum amount of water was slowly added with continu-
ous stirring to obtain a yellow colored solution. The stirring 
was continued for four hours. The content was then allowed 
to stand overnight to obtain needle shaped crystals of sodium 
salt of diphenyl dithiocarbamate (dpdtc), which was filtered, 
repeatedly washed with methanol and cold diethyl ether, and 
dried in vacuo. 
Synthesis of MCl2py2 Complexes 
A methanolic solution of hydrated metal(II) chlorides 
(25 mL) was added to a methanolic solution of pyridine 
(15mL) in 1:2 molar ratios with continuous stirring for 
about half an hour. The reaction mixture was left overnight 
at room temperature to obtain the required metal precipitate 
(Bailar et al., 1973), which was isolated by filtration, washed 
with methanol, and dried in vacuo. 
Synthesis of the Mpy2(dedtc)2 
A methanolic solution of MCl2py2 (25 mL) [where 
M = Mn(n), Fe(n), Co(II), Ni(II) and Cu(II)] was added to a 
methanolic solution (20 mL) of sodium salt of diethyl dithio-
carbamate (dedtc) in 1:2 molar ratios with continuous 
stirring for about one hour. A solid compound in the form of 
precipitate was formed. It was left overnight at room tempera-
ture and the compound was isolated by filtration, washed with 
methanol and dried in vacuo (Figure 1). 
[Mn(py)2(dedtc)2] yield (54%); m. p. > 300°C; AM = 23 
ohm~'cm^mor' Found (calcd. for C2oH3oMnN4S4) C, 46.96 
(47.13), H, 5.8(5.93), N, 10.54(10.99), S, 25.45(25.16), Mn, 
10.67(10.78). IR (KBr): v^^Jcm"' 1497s (C...N), 1190m 
(ring vib.). 397 m (Mn-S), 355 (Mn-N). 
[Fe(py)2(dedtc)2] yield (66%); m. p. 257°C; AM = 30 
ohm"'cm-mor' Found (calcd. for C2oH3oFeN4S4) C, 46.88 
(47.02), H, 5.57(5.92), N, 10.67(10.97), S, 25.27(25.11), Fe, 
10.8(10.93). IR (KBr): v,„ax/cm"' 1494s (C...N), 1194m 
(ring vib.), 397 m (Fe-S), 377 (Fe-N). 
[Co(py)2(dedtc)2] yield (60%); m. p. 297T; AM = 39 
ohm"'cm^mor' Found (calcd. for C20H30C0N4S4) C, 46.53 
(46.77), H, 5,77(5.88), N, 10.72(10.91), S, 25.26(24.97), Co, 
11.23(11.47). IR (KBr): v„,,/cm"' 1486s (C...N), 1190m 
(ring vib.), 403 m (Co-S), 37 Iw (Co-N) 
[Ni(py)2(dedtc)2] yield (68%); m. p. 249T; AM = 36 
ohm 'cm^mor' Found (calcd. for C2oH3oNiN4S4) C, 46.59 
(46.79), H, 5.74(5.89), N, 10.77(10.91), S, 25.18(24.98), Ni, 
11.33(11.43). IR (KBr): v„,,/cm"' 1504s (C...N), 1195m 
(ring vib.), 417 m (Ni-S), 377w (Ni-N) 
[Cu(py)2(dedtc)2] yield (74%); m. p. 209T; AM =41 
ohm 'cm^mol ' Found (calcd. for C20H30CUN4S4) C, 46.28 
(46.35), H, 5.69(5.83), N, 10.69(10.81), S, 24.91(24.75), Cu, 
HjC, 
H<C,' 
,N C ^ • + CI M CI 
\SNa 
-2NaCI 
k 
-*- , N C 
H,C, 
S . C2H5 
~M' ^ C N'''^ 
FIG. I. Synthesis of .he complexes Mpy,(dedtc),, where M = Mn(ll). Fe(II), Co(ll), Ni(Il) and Cu(Il). py = CH^N and dedtc = S,CN(C,H5h. 
STUDIES OF BIPYRIDINE METAL COMPLEXES 4^^7 
12.08(12.26). IR (KBr): v,„ax/cm-' 1504s (C...N). 1194m [Zn(py)2(dpdtc)2] yield (73%); m. p. 225T; AM = 1 7 
(ring vib.), 393 m (Cu-S), 354w (Cu-N) 
[Zn(py)i(dedlc)2l yield (70%); m. p. 208''C; AM = 42 
ohrn~'cm^mor' Found (calcd. for C2oH3oN4S4Zn) C, 46.07 
(46.16), H. 5.69(5.81), N, 10.68(10.77), S, 24.87(24.64), Zn, 
12.49(12.62). IR (KBr): Vn,ax/cm"' 1497s {C----N), 1193m 
(ring vib.), 408 m (Zn-S) 362w (Zn-N) 
Synthesis of the Mpy2(dpdtc)2 
A methanolic solution of MCli2py2 (25 mL) [where 
M = Mn(II), Fe(II), Co(II), Ni(ll) and Cud!)] was added to a 
methanolic solution (20 mL) of sodium salt of diphenyl dithio-
carb.amate (dpdtc) in 1:2 molar ratios with continuous stirring 
for about two hours. A precipitate was formed, which was 
isolated by filtration, washed with methanol, and dried in 
vacuo (Figure 2). 
[Mn(py)2(dpdtc)2] yield (40%); m. p. 225°C; AM = 28 
ohm~'cm^mor'' Found (calcd. for C36H3oMnN4S4) C, 
61.49(61.61), H, 4.18(4.31), N, 7.69(7.98), S, 18.48(18.27), 
Mn, 7.69(7.83). IR (KBr): Vmax/cm"' 1497s (C.. .N), 1195 m 
(ring vib.), 395 m (Mn-S), 370w (Mn-N). 
[Fe(py)2(dpdtc)2] yield (60%); m. p. 162°C; AM = 39 
ohm~'cm^mor' Found (calcd. for C36H3oFeN4S4) C, 
61.29(61.53), H, 4.05(4.3), N, 7.66(7.97), S, 18.51(18.25), 
Fe, 8.06(7.95). IR (KBr): v^ax/cm"' 1492s (C...N), 1190m 
(ring vib.), 398 m (Fe-S), 375w (Fe-N). 
[Co(py)2(dpdtc)2l yield (63%); m. p. 158°C; AM = 37 
ohm~'cm^mor' Found (calcd. for C36H30C0N4S4) C, 
61.08(61.26), H, 4.11(4.28), N, 7.81(7.94), S, 17.98(18.17), 
Co, 8.52(8.35). IR (KBr): Vn,ax/cm"' 1492s (C...N), 1194m 
(ring vib.), 419 m (Co-S), 354w (Co-N). 
[Ni(py)2(dpdtc)2] yield (70%); m. p. 212°C; AM = 43 
ohm' 'cm^mor ' Found (calcd. for C36H3oNiN4S4) C, 
61.15(61.28), H, 4.15(4.29), N, 7.66(7.94), S, 18.03(18.18), 
Ni, 8.44(8.31). IR (KBr): Vn,ax/cm~' 1495s (C...N), 1190m 
(ring vib.), 415 m (Ni-S), 360w (Ni-N). 
[Cu(py)2(dpdtc)2] yield (70%); m. p. 254°C; AM = 39 
ohm"''cm^mol ' Found (calcd. for C36H30CUN4S4) C, 
60.59(60.86), H, 4.08(4.26), N, 7.59(7.89), S, 18.19(18.05), 
Cu, 9.08(8.94). IR (KBr): v^ax/cm"' 1490s (C.. .N), 1190m 
(ring vib.), 409m (Cu-S), 363w (Cu-N). 
ohm 'cm'mol ' Found (calcd. for C36H3oN4S4Zn) C 
60.39(60.68). H, 4.05(4.24), N, 7.51(7.86), S, 18.06(17.99), 
Zn, 9.47(9.22). IR (KBr): v„,„/cm~' 1497s (C.. .N), 1190m 
(ring vib.), 413m (Zn-S) and 372w cm"' (Zn-N). 
RESULTS AND DISCUSSION 
The mixed ligand complexes of the type [M(py)2(dedtc)2], 
and [M(py)2(dpdtc)2], where M=Mn(I l ) , Fe(n), Co(II), 
Ni(II), Cu(II), Zn(II), py = pyridine, dedtc = diethyldithiocar 
bamate and dpdtc = diphenyldithiocarbamate, were readily 
obtained by the reaction of [M(py)2Cl2] with Nadedtc and 
Nadpdtc. The complexes are formed by the replacement of 
two chlorine atoms from [M(py)2Cl2] by dedtc and dpdtc 
(Figure 1). The metal complexes are stable to light and are 
amorphous powder. 
M(py)2Cl2 -I- 2Nadedtc -^ M( py)2(dedtc), + 2NaCl 
M(py)2Cl2 -f- 2NadpdtcM(py)2(dpdtc)2 -I- 2NaCl 
Conductance Measurements 
The molar conductance value of lO""* M solution of all the 
metal complexes measured in nitrobenzene fall well bdow 
those reported for univalent electrolyte at room temperature, 
indicating their non-electrolytic nature (Geary, 1971). The 
metal contents were determined by complexometric titration 
(Reilly et al., 1959). 
IR Spectra 
Literature survey reveals that almost all the dithiocarba-
mates studied to date, the region 950- 1050 cm"' is considered 
as highly diagnostic in deciding the nature of the coordination 
of the dithiocarbamato moiety (Bonati et al , 1967). According 
to the criterion laid by Brinkhoff and Grotens (1971) the 
presence of only one band in the 1000 ± 70cm"' region is 
characteristic of a bidentate nature for the dithiocarbamato 
moiety, while the splitting of the same band within a difference 
of 20cm"' in the same region is due to the monodentate 
binding of dithiocarbamate ligand. In the present study, a 
single sharp peak is observed in all the synthesized complexes 
in the 991 -1023 cm"' , confirming the symmetrical bonding of 
f^ 5C(,\ xS 
HjC. 
N C + CI M CI 
' S N a 
0 
• S v j yS~ 
-2NaCI ->- > C M ^ C N 
H5C6 S'^ ^ S CM. 
0 
FIG. 2. Synthesis of the complexes Mpy,(dpd.c)„ where M = Mn{II), Fe(II), Co(ll), Ni(II) and Cu(ll), py = C,H5N and dpdtc = SjCN(QH,); 
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dithiocarbamato moiety in all the cases. The thioureide band 
(S2C.. .NR2), which is another cardinal band of dithiocarba-
mato complexes, appears in the range 1486-1504cm"', 
which is intermediate between a v(C=N) band (1690-
1640cm"') and a v(C-N) band (1360-1250cm"'), indicating 
a partial double bond character between carbon and nitrogen. 
Some new bands are also observed in the far IR region, 
which might be due to M-S stretching frequencies (Bradley 
and Gitlitz, 1969). 
Electronic Absorption Spectra 
The electronic spectral bands and the magnetic moments of 
the complexes are listed in Table 1. In and octahedral environ-
ment, Mn(II) complex gives spin forbidden as well as parity-
forbidden bands (Cotton et al., 1999). In addition to the band 
due to n-TT* transition the electronic spectrum of Mn(II) 
complex in DMF exhibit three more bands in the region 
31,104 to 30,350cm"'; 22,542 to 20,533cm"' and 17,513 to 
16,890cm"', which have been assigned to '*T|g(P) -s-^Aig; 
Compounds 
TABLE 1 
Magnetic susceptibility, electronic spectra and ligand field parameters of the complexes 
Magnetic Electronic Log e lODq 
moment (B.M.) bands (cm ') (mol 'cm") Possible assignments (cm ') 
B 
(cm" ') i3 
C2oH3oMnN4S4 
[Mn(py)2(dedtc)2] 
(509.68) 
C2oH3oFeN4S4 
[Fe(py)2(dedtc)2] 
(510.59) 
C20H30C0N4S4 
[Co(py)2(dedtc)2] 
(513.67) 
C2oH3oNiN4S4 
[Ni(py)2(dedtc)2] 
(513.44) 
C20H30CUN4S4 
[Cu(py)2(dedtc)2] 
(518.29) 
C2oH3oZnN4S4 
[Mn(py)2(dedtc)2] 
(520.44) 
C36H3oMnN4S4 
[Mn(py)2(dpdtc)2] 
(701.86) 
C36H3oFeN4S4 
[Fe(py)2(dpdtc)2] 
(702.76) 
C36H30C0N4S4 
[Co(py)2(dpdtc)2] 
(705.85) 
C36H3oNiN4S4 
[Ni(py)2(dpdtc)2] 
(705.62) 
C36H30CUN4S4 
[Cu(py)2(dpdtc)2] 
(710.46) 
C36H3oZnN4S4 
[Zn(py)2(dpdtc),] 
(712.62) 
5.84 
5.30 
4.18 
3.21 
1.93 
Diamagnetic 
5.91 
5.44 
4.21 
3.34 
1.98 
Diamagnetic 
30,350 
20,533 
17,513 
15,772 
20,790 
15,552 
11,146 
22,371 
15,847 
11,764 
17,452 
11,824 
— 
31,104 
22,542 
16,890 
15,082 
22,321 
16,474 
11,272 
22,779 
15,384 
12,544 
18,248 
11,325 
2.9 
2.7 
2.6 
2.8 
2.7 
2.5 
2.2 
2.6 
2.2 
1.8 
2.7 
2.7 
2.9 
2.7 
2.4 
2.8 
2.5 
2.4 
2.5 
2.4 
1,7 
1.4 
2.8 
2.8 
•*T,g(P). 
'T2g(G) 
T,g(G) 
( % , 
H 
'T,g(F) 
'T2a(F) ^ (^A2g(F) 
^62 g ^ ^B 
('A2g(F) 
2g( 
'T,g(P) 
*r2g(G) 
T,g(G) 
('A,g 
• ( % g 
'T,g(P)(*r,g(F) 
' 'A2g(F )^^ ,g (F ) 
% g ( F ) ^ ( ^ , g ( F ) 
'T,g(P) v-(3A2g(F) 
'T,g(F).-(3A2g(F) 
'T2„(F) 
^E 
' B , 
('A2g(F) 
»ig 
^2g '18 
17,760 427 
15,722 
''Tig(P) ^'*T|g(F) 12,030 
% g ( F ) ^ ' T , g ( F ) 
'T2g(F) ^ ' T , g ( F ) 
^ T , g ( P ) ^ ( % g ( F ) 11,760 
16,885 
15,082 
12,080 
12,380 
0.83 
334 
392 
0.65 
0.62 
439 0.85 
402 
279 
0.78 
0.44 
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•^TjgCG)-(-''Aig and "*T|g(G) •<-"Aig transitions, respect-
ively. The high spin d'' configuration gives an essentially 
spin-only magnetic moment of ~ 5.9 B.M. and is temperature 
independent. The Mn(II) complex under consideration has the 
value of 5.84 B.M. and 5.91 B.M. for ethyl and phenyl dithio-
carbamaies, respectively, which are very close to the calculated 
value. Thus, the ligand field bands and magnetic moment value 
support a distorted octahedral geometry around the metal ion. 
For the octahedral spin-free Fe(II) complexes, the magnetic 
moment values lies at about 5.5 B.M., and is nearly indepen-
dent of temperature. In the present case, the magnetic 
moment values are found to be 5.30 and 5.44 B.M. for Fepy2(-
dedtc)2 and Fepy2(dpdtc)2 complexes, respectively. The slight 
deviation in magnetic moment value might be due to the devi-
ation from the regular octahedral geometry (Cotton, 1964) 
(Table 1). 
Octahedral cobalt(II) complexes have been widely studied. 
The spectra of Copy2(dedtc)2 and Copy2(dpdtc)2 have identical 
features, indicating similar stereochemistry around the 
Co(II) ion. They show absorptions at 20,790; 15,552 and 
ll,!46cm~' in case of Copy2(dedtc)2 and 22,321; 16,474 ''Bzg *-''Big transition was also observed and might be due 
field parameters, viz., lODq, B (Racah parameter), /3 (Ncphe-
lauxetic ratio) are almost identical for Nipy2(dedtc)2 and 
Nipy2(dpdtc)2. Values of ligand field parameters reflect that 
the M-L bond is sufficiently strong, which in turn suggest 
enough overlapping of metal orbitals with those of the ligand 
orbitals. The compounds are paramagnetic with a room temp-
erature magnetic moment values ranging in between 3.21-
3.34 B.M. One of the interesting features regarding the 
magnetic moments of octahedral Ni(II) complexes is their 
non-dependency in case of small departures from octahedral 
symmetry (Cotton, 1964). 
Generally the octahedral Cu(II) complexes exhibit three 
transitions in the 18,000 to 12,000cm"' range with poorly sep-
arated bands. However, in the present study, a broad band 
maxima in the 11,905-11,765 cm"' and 11,628-
11,111 cm"' range owing to the overlap of two bands corre-
sponding to the ^B2g'^^Big transition (Figgis, 1976) for 
Cupy2(dedtc)2 and Cupy2(dpdtc)2 complexes was observed. 
In addition to this, a shoulder at 17,452 cm"' and 
18,248 cm"' for ethyl and phenyl analogue assigned to 
and 11,272 cm" in case of Copy2(dpdtc)2. The low frequency 
band at around U.OOOcm"' is characteristic of Co(II) in a 
distorted octahedral symmetry (Wang et al., 2003). The 
observed magnetic moment values for the Copy2(dedtc)2 and 
Copy2(dpdtc)2 are 4.18 and 4.21 B.M., respectively, which 
are within the predicted high-spin value for an octahedral 
Co(n) complex with considerable orbital contribution to the 
overall magnetic moment (Gebbink et al., 2002), 
Octahedral Ni(II) complex is known to exhibit three spin 
allowed electronic transitions within the visible region 
(Lepetit and Che, 1996). In the present case of the Nipy2(-
dedtc)2, three absorption bands at 22,371cm"' (vj), 
15,847cm"' (vi) and 11,764cm"' (vj) have been observed, 
while for the Nipy2(dpdtc)2 complex, these bands appear at 
22,779cm"' (v,) 15,384cm"' (V2) and 12,544cm"' (vj) 
range. The v, is due to one of the spin allowed electronic tran-
sitions in the visible region, and is assigned to 
'T2g(F) *-'A2g(F). The position of middle band (V2) has 
been attributed to ^Ttg(F) •<- ^A2g transition. The ligand 
to the distorted octahedral geometry around Cu(II) ion (Rana 
et al., 1982). It is difficult to predict the solution structure of 
the Cu(II) complexes from electronic spectroscopy alone 
because of a wide range of possible geometrical distortions 
and the typically poor resolution of absorption bands (Lever, 
1984). The observed magnetic moment value lies in the 
range between 1.93-2.01 B.M., which further supports the 
above proposed geometry. 
TGA/DSC 
Thermogravimetric analysis is a useful technique for the 
determination of thermal stability and structural elucidation 
of various insoluble and infusible compounds (Bajpai and 
Tiwari, 2004), but to date, only a limited number of reports 
concerning thermal data and solution thermochemistry of 
metal dithiocarbamates have been appeared in the literature 
(Burkinshaw et al., 1983; Airoldi and Chagas, 1992; Szafranek 
and Szafranek, 1995; Lanjewar and Garg, 1992). 
TABLE 2 
Degradation of various fragments in the complex M(py)2(dedtc)2 (where M = Mn(II), Fe(II), Co(n), Ni(n) and Cu(II)) 
Temperature 
^''^g"^^"" range (°C) Mn(py)2(dedtc)2 Fe(py)2(dedtc)2 Co(py)2(dedtc)2 Ni(py)2(dedtc)2 Cu(py)2(dedtc)2 
Mass loss of the 85-500 75.91(76.64) 75.73(76.30) 76.44(76.04) 75.90(76.07) 81.50(8155) 
total organic moiety, 
found (calc), % 
Masslossofthe 500-650 24.04(23.35) 23.88(23.49) 23.71(23.95) 23 59(23 92) 1797(1844) 
metal sulfide, found • v • ; 
(Calc), % 
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In the present study, a two stage decomposition process is 
observed for M(py)2(dedtc)2, where M = Mn(II), Fe(II), 
Co(II), Ni(II) and Cu(II) indicating similar structural features 
of the complexes. A literature survey reveals that the dithiocar-
bamate complexes either volatize leaving negligible amount of 
residue or decompose to yield respective metal sulfide (Bajpai 
and Tiwari, 2004). However, mixed ligand diethyldithiocarba-
mate complexes with different ligands were found to be non-
volatile with 17 to 55% residual weight (Lanjewar and Garg, 
1992). In our study, the first thermolytic cleavage starts from 
85 to 500°C with 76% loss of weight corresponding to whole 
organic moiety (found 75.5%) (Table 2). The second stage 
ranges between 500 to 650°C, after which a straight line is 
observed, indicating no change above this temperature range. 
The remaining weight loss corresponds to the respective 
metal sulfide (Bajpai and Tiwari, 2004). 
In case of Cu(py)2(dedtc)2, the final product was heated 
under nitrogen atmosphere and CuS was detected quantitat-
ively among the volatile products. 
The DSC profile exhibits cnthalpic changes from endother-
mal and exothermal bands and peaks. In the present case, the 
DSC peaks correlate well with the TG A data. A broad exother-
mic peak is obtained between 300-400°C due to the pyrolysis 
of the whole organic moiety. However, there is no well defined 
exotherm or endotherm corresponding to the last step of 
formation of metal sulfide. 
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Template Synthesis of Symmetrical Transition Metal Dithiocarbamates 
Khwaja S. Siddiqi*'", Shahab A. A. Namf, Lutfullah" and Yonas Chebude 
"Department of Chemistry, Aligarli Muslim University, Aligorh-202002, India 
'Department of Chemistry, Addis Ababa University, Addis Ababa-1176, Ethiopia 
Novos ditiocarbamatos de inctais dc transigao do tipo [M,(ctdtc)J c fM'(ctdtc)CI], [M = Mn(ll), 
Fedl). Co(ll), Ni(ll). Cu(II), Zn(ll). Cd(ll) e Hg(II), M' = CrdU),"Fe(lll) e etdlc ='(S,N,C„H„)] 
foram sintetizados por meio de te'cnicas de automontagem. Os ditiocarbamatos metdlicos forani 
preparados a partir da amina primaria, CS, e cloreto metalico, Foram caracterizados por tecnica.s 
especlrosc(3picas, TGA/DSC, susceplibilidade magndtica e dados de condutividade. Sugere-se que 
OS complexos [Mnj(etdtc)j], [Fe,(ctdtc),], [Co/etdtc),], [Zn,(etdtc),], [Cd/etdtc)^ ] e [Hgj(etdtc),] 
tenham geometria tetraedriea, e [Ni,(etdtc)j] e [Cu,(etdtc),], quadrdtica plana, Os complexos 
[Cr(etdtc)Cl]j e [Fe(etdtc)Cl]j contem liganles cloro em ponte e possuem geometria ocladdrica 
distorcida. Em todos os casos, o ligante ditiocarbamato encontra-sc ligado simetricamente. No perfil 
da curva TG sSo observados tres estagios para todos os complexos, levando & forma^ ao dos 
respectivos sulfetos metiSlicos como produtos finals. A condutancia molar de solui;Oes dos complexos 
emDMSOdeconcentra^ao 10-'molL' confimiasuanaturezanSoidnica. 
Novel triinsition metal dithiocarbamates of the type [M,(etdtc)2] and [M'(etdtc)Cl], where M = 
Mn(II), Fe(II), Co(n), Nidi), Cu(II), Zn(n), Cd(II) and Hg(II), M' = CrdH), Fe(in)"and etdtc = 
(SjN^C||H|g)have been synthesized by the use of self-assembly techniques. The metal 
dithiocarbamates were prepared from the primary amine, CS, and metal chloride. They have been 
characterized by spectroscopic, TGA/DSC, magnetic susceptibility and conductivity data. The 
complexes, [Mn,(etdtc),], [Fe,(etdtc),], [Co_,(etdtc),]. [Zn,(etdtc),], [Cd,(etdtc),] and [Hg,(etdtc),] 
have been suggested to be letrahedral while (Ni,(etdlc),] and [Cu,(etdtc)J have square-planar 
geometry. [Cr(eidtc)Cl]j and |Fe(etdtc)Cll, have chlorine bridged distorted-octahedral geometry. It 
has been observed that the dithiocarbamato moiety is symmetrically bonded in all the cases. A three 
suige TGA prollle is observed for all the complexes leading to the formation of respective metal 
sulfide as the end-product. The molar conductance of 10'' mol L ' solution of the complexes 
measured in DMSO is indicative of their non-ionic nature. 
Keywords: dithiocarbamates, transition metals, thermal analysis, symmetrical bonding 
Introduction 
Dithiocarbamates are used to stabilize a wide range 
of oxidation states of different metal ions.' A large 
number of compounds are known where CS, binds in 
?/'-end on, T/'-side or in ?/'-coordination modes.^ -^  The 
major advantage of using the small bite-angle of 
dithiocarbamato moiety as a stabilizing chelating 
ligand, is its unique property to remain intact under a 
variety of reaction conditions.^ 
Nowadays copper(Ii) dithiocarbamate is successfully 
used as single source precursor for the growth of 
.semiconducting copper sulfide thin films.'The iron(ir), 
* e-mail: khwajas_siddiqi©yahoo.co.in 
iron(in) dithiocarbamates have been studied for their spin-
crossover phenomenon,' radical traps for NO,' and as 
antioxidants and pro-oxidants in biological systems.' 
Diethyl dithiocarbamates are also known to inhibit the 
activity of Cu/Zn-superoxidedismutase (SOD) through the 
withdrawal of copper from the protein both in vivo and in 
vitro.'" Some dialkyl-substituted dithiocarbamates have 
proved to be an efficient anti-alkylating," anti-HIV and 
froth-floatation agents. The optical and electrochemical 
properties of dithiocarbamates can effectively be 
used to construct sensors for guest molecules and 
macromolecules.'^-''' 
In this paper we report a convenient one-pot 
synthesis of the transition metal dithiocarbamates via 
template procedure. In the present work a condensation 
Siddiqi el cil. J. Brai. Chem. Soc. 
reaction was carried out between acetylacetone, 
ethylenediamine, carbon disulfide in a single step 
leading to the formation of a ring like complex (Figure 
1 and Figure 2). 
rate was maintained at 10 °C min'. The metal contents were 
estimated by complexometric titrations," while the chlorine 
was determined gravimetrically as AgCl in case of Cr(in) 
and Fe(in) complexes."' 
Experimental Synlhexi.i of the complexes 
Hydrated metal chlorides (BDH) acetylacetone, carbon 
disulfide (Merck) and ethylenediamine (Ranbaxy) were used 
as received. Methanol was used after distillation. Elemental 
analyses (C, H, N and S) were carried out witli a Flash EA-
1112 Analyser, CE Instrument. IR spectra (40(X)-400cm') 
were recorded on a Ff-IR Perkin-Elmer Spectrum BX as KBr 
di.sc while the 600-2(X) cm' range were .scanned on Csl on 
Nexus FT-IR Thermo Nicolet, Madison Wisconsin. The 
conductivity measurements were carried out with a CM-
82T Elico conductivity bridge in DMSO. The electronic 
spectra were recorded on a Cintra 5GBC spectrophotometer 
in DMSO. Magnetic susceptibility measurements were done 
with a Sherwood Scientific MSB Auto at room temperature. 
TGA/DSC was performed with a Universal V3.8 B TA SDT 
Q6i30 Build 51 Thermal Analyzer under nitrogen atmosphere 
using alumina powder as reference material. The heating 
In 40 mL methanolic solution of acetylacetone (20.0 
mmol, 2.05 mL) neat ethylenediamine (40.0 mmol, 2.67 
mL), carbon disulfide (40.0 mmol, 2.41 mL) and hydrated 
metal chloride (20.0 mmol) dissolved in 20 mL methanol 
were added simultaneously in a single pot to obtain a brisk 
precipitation of the metal dithiocarbamate in moderate 
yields. The precipitate was filtered, thoroughly washed 
with methanol and dried over calcium chloride in vacuo. 
Results and Discussion 
The microanalytical data (Table 1) correspond to the 
composition [Mj(etdtc)j] and [M'(etdtc)Cl], where M = 
Mn(n), Fe(n), Co(n). Ni(II), Cu(II), Zn(n), Cd(n) and Hg(n), 
M' = Cr(III), Fe(III) and etdtc = (S,N,C|,H,j) as shown in 
Figures 1 and 2. The complexes are stable to moisture and 
.iHC, , cu, H.C CH: 
•t I I + 4CS, + 2MCI-. 
Nil, Nil, 
4HCI 
iHC, C. CH, 
II 
0 
H,C-
NH, 
-CH; 
I + 
NH, 
• 4 HCl 
•fCS, 2 MCI., 
.iHc: 
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H j C - N 
H , C — N H 
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Figure 1. Proposed structure of [M,(etdtc),] where M = Mn(II), 
Fe(ll), CodI), Nidi), Cu(ll), Zndl). Cddl"), Hg(II) and etdtc = 
'SAC„H„). 
3HC. 
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Figure 2. Proposed structure of lM'{etdtc)ClJ,. where M' = Cr(lli) 
and Fedll) and etdtc = (S,N.,C„H„), 
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heat. The complexes are amorphous powder, soluble in 
DMSO only. The molar conductance of 10' mol L ' 
solutions of the complexes in DMSO are indicative of their 
non-electrolytic nature." 
IR spectra 
In metal dithiocarbamato complexes the region 930-
1050 cm' is considered characteristic of the nature of 
binding of the dithiocarbamato moiety. According to the 
criterion of Bonati and Ugo," the presence of a solitary 
band in the above region is due to symmetrical bidentate 
coordination of the dithiocarbamato group while the 
splitting of this band within a narrow range of 20 cm' is 
due to the unsymmelrical monodentate nature of the 
dithiocarbamato group shown below: 
NCS, group after chelation: 
N a S \ 
. ^ 
:C—NR, M o,>,C-=NR: 
Bidentate symmetrical bonding 
RjN- s^ - C ^ M C -
Monodentate unsymmetrical tending 
In the present study a single sharp band of high 
intensity has been observed in all the complexes in 1017-
1036 cm' range, suggesting symmetrical bidentate bin-
ding of the dithiocarbamato moiety.'" It has been 
shown from the crystal and molecular structure of 
[NiCl(tzdtc)(PPh,)]0.5CHCl, that the C-N and C-S bond 
distances are shorter than the conresponding C-N and C-S 
distances in pyridine and thiophene, respectively which 
is due to the delocalization of electrons,^ " over the entire 
Table 1, Analytical data and molar conductance of the complexe.s 
Consequently the C-N and C-S stretching frequencies 
of the thioureide band also changes (Table 2) showing 
partial double bond character of S^CN. It has been shown 
from a study of aikyl dithiocarbamates that the lengthening 
of the alkyl chain is accompanied by a decrease in v(C-N) 
although the v(C-S) remains unaltered as it has been found 
to be insensitive to the nature of alkyl substituents.-' 
The v(M-S)," occurring in the far-IR region depends 
on the nature of the metal ion and the substituents attached 
with the sulfur. We have observed medium intensity 
v{M-S) in the 527-442 cm' range which is in agreement 
with the observations made by Sonbati." 
On the basis of normal coordinate analysis of non-
planar halogen bridged molecules it has been found that 
the bridging v(M-X) are 40-45% lower than the terminal 
vCM-X).""" The four absorption bands found for terminal 
M-X bonds have higher frequencies while the bridging 
M-Cl are relatively weaker and appear in lower wave 
number region. In the case of [Fe(etdtc)Cl]j complex, two 
medium and two strong v(M-X) have been observed in 
248-331 cm' region which is probably due to the 
bridging M-Cl group. The magnetic moment value is not 
very conclusive (3.67 B.M.) but it may be due to an 
equilibrium between high-spin and low-spin Fe(III)." 
Moreover, a halogen bridged structure of this compound 
would be more stable with respect to non-halogen bridged 
five coordinate Fe(ni). 
Coiiipoiiiul.s 
(Formula Weight) 
lMn,(etdlc),J 
(778.94) 
lFe,(etdtc)J 
(780.76) 
lCo,(etdtc)J 
(786.93) 
lNi,(etdtc),] 
(786.48) 
lCu5(etdtc),J 
(796.15) 
[Zn,(ctdtc),] 
(799.82) 
[Cdj(etdtc),l 
(893.86) 
[Hg,(ctdtc)J 
(1070.24) 
[Cr(e(dlc)CI], 
(843.96) 
(Fc(eldlc)Cll, 
(851.664) 
Colour 
Light brown 
Dark brown 
Green 
Algae green 
Yellow 
Yellow 
Dirty while 
Black 
Bluish-green 
Dark brown 
mp 
("C) 
109 
144 
191 
183 
103 
171 
118 
149 
160 
130 
Yield 
m 
55 
62 
67 
70 
68 
55 
48 
72 
70 
70 
Molar 
Conductance 
(ohm''mar'cm-) 
13.1 
32.5 
17.2 
31.7 
10.8 
8.7 
9.2 
14.7 
21.6 
41.1 
C 
33.87 
(33.95) 
34.06 
(33.84) 
33.87 
(33.57) 
33.78 
(33.57) 
33.29 
(33.18) 
33.18 
(33.03) 
29.67 
(29.55) 
24.79 
(24.68) 
31.41 
(31.33) 
31.23 
(31.02) 
Found (Calc.) Analysis 
H 
4.79 
(4.65) 
4.32 
(4.64) 
4.78 
(4.61) 
4.87 
(4,61) 
4.72 
(4.55) 
4.71 
(4.54) 
4.24 
(4.06) 
3.35 
(3.39) 
4.42 
(4.29) 
4.41 
(4.26) 
i%) 
N 
14.13 
(14.38) 
14.09 
(14.35) 
14.02 
(14.23) 
14.08 
(14.23) 
13.98 
(14.07) 
13.86 
(14.0) 
12.56 
(12.53) 
10.54 
(10.46) 
13.19 
(13.27) 
13.09 
(13.15) 
S 
32.76 
(32.93) 
32.66 
(32.85) 
32.45 
(32.59) 
32.54 
(32.59) 
32.04 
(32.21) 
32.05 
(32.07) 
28.44 
(28.69) 
23.73 
(23.96) 
33.23 
(30.39) 
29.96 
(30.11) 
M 
14.34 
(14.10) 
14.59 
(14.3) 
15.09 
(14.97) 
14.85 
(14.92) 
15.88 
(15.96) 
16.28 
(16.34) 
25.13 
(25.14) 
37.44 
(37.48) 
12.21 
(12.32) 
13.23 
(13.11) 
.Sidclii|i (7 ((/. ./. Hriiz. Chi'm. Sin:. 
For a triply bridged CfjCl,'' there are twelve infra red 
active bands above 200 wave number but only two terminal 
v(Cr-Cl) are observed. Terminal Cr-Cl bonds are stronger 
than the bridging ones as has been observed in the case of 
Fe-complex. In Cr^Cl,'' there are two strong Cr-Cl terminal 
bonds while the weaker ones have been ascribed to bridging 
Cr-Cl bonds.'*-^ ' However, we have observed two medium 
intensity bands in the case of [Cr(etdtc)Cl]2 which are 
assigned to bridging v(Cr-Cl) (Table 2). 
Electronic spectra and magnetic moments 
The octahedral Cr(III) ion is known to exhibit two 
prominent bands at 17,000 and 24,000 cm"' besides a very 
weak charge transfer as a shoulder, approximately at 37,000 
cm'. The other weak absorptions are insignificant as they 
Table 2. Important IR bands (cm ' ) and their assignments 
Compounds v(M-Cl)^ v(M-S) v(C-S) v(C=N) Thioureide 
band 
[Mn,(ctdlc),] 
[Fc,(ctdtc),l 
[Co,(eldtc)jl 
[Ni,(eldlcX] 
[CUi(etdtc),l 
(Zn,(etdtc),| 
lCdj(etdtc),| 
(Hgj(etdtc),l 
|Cr(etdtc)Cll, 
[Fe(etdtc)Cll, 
-
-
-
-
-
-
-
-
256 m 
283 m 
(278, 2%) m 
(248,331)8 
508 m 
508 m 
464 m 
442 m 
461 m 
467 m 
474 m 
488 m 
502 m 
527 m 
1017 s 
1034 s 
1051 s 
1036 s 
1039 s 
1033 s 
1035 s 
1034 s 
1034 s 
1034 s 
1601 m 
1601 m 
1602 m 
1601 m 
1601 m 
1602 m 
1601 m 
1601 m 
1602 m 
1601 m 
1520 s 
1511 s 
1516 s 
1540 s 
1532 s 
1515 s 
1510 s 
1513 s 
1511 s 
1522 s 
are spin forbidden. We have ob.served three bands in the 
case of [Cr(etdtc)Cl], and assigned to the transitions from 
••Aj, ground term to three excited quartet terms (Table 3). 
The magnetic moment of 3.74 B.M. calculated for three 
unpaired electrons and the d-d bands are suggestive of an 
octahedral geometry for Cr(III) in the [Cr(etdtc)Cl]j 
complex.'" The Racah parameters calculated are indicative 
of considerable metal-ligand bond character. 
A variety of Fe(ni) dithiocarbamato complexes have 
been reported. In the case of trisdialkyl dithiocarbamate 
Fe(in) complexes a trigonally distorted octahedral structure 
has been shown." However, when one or two dithio-
carbamate groups are substituted by other bidentate 
ligands the extent of distortion increases. 
It has been .shown by Ho.skins and White," from the 
molecular and crystal structure of monochlorobisdiethyl-
dithiocarbamate Fe(ni) that it has a square-pyramidal stmcture. 
It is monomeric in .solid state witli a magnetic moment value 
of 3.9 B.M. In the present complex, [Fe(etdtc)Cl]j, each Fe(III) 
atom is surrounded by four sulfur atoms and one free chlorine. 
The proximity of the chlorine may be a reason for chlorine 
bridged octahedral structure. A value of 3.67 B.M. has been 
found at room temperature for the complex, [Fe(etdtc)Cl]2 
which may be regarded as a population-weighted-average," 
due to tlie spin-cross between high (u^^= 5.9 B.M.) and low-
spin (n^„= 1.88 B.M.). Three intense bands at 27,548; 24,509 
and 19,032 cm"' further supports the proposed octahedral 
geometry for [Fe(etdtc)Cl]2 complex. 
The characteristic colour of teti"ahedral Mn(U) complexes 
is generally yellow or yellowish green as opposed to 
Table 3. Magnetic moments and electronic spectra of the complexes 
Compounds Magnetic 
moment (B.M. 
Electronic 
bands (cnr') 
log i 
(L mol'' cnr') 
Possible assignments 10 l)q 
(cm-') 
B 
(cm-') 
[Cr(etdtc)Cl], 
lFe(etdtc)CIJ, 
lMn,(etdlc),J 
lFe,(etdtc),J 
[Co,(etdtc),] 
[Ni,(ctdlc),] 
[Cu,(etdtc),] 
3.74 
3.67 
5.72 
5.05 
4.38 
Diamagnctic 
1.83 
35,714 
26,881 
15,503 
27,548 
24,509 
19,032 
32,051 
30,674 
24,630 
31,250 
25,906 
21,052 
27,100 
22,471 
15,600 
23,696 
15,503 
24,570 
18,384 
13,330 
3.58 
3.05 
2,55 
3.36 
3.15 
2.48 
3.57 
3.39 
1.68 
3.58 
3.10 
2,81 
3.55 
3.31 
2.89 
3.22 
2.08 
3.15 
2.45 
1.78 
"r„ (P) * — 'A,, (F) 
n-„ (F) •*— ' \ (F) 
' T j , ( F ) * — - ' A ; , ( F ) 
^T„ (D) * — 'A,, 
%. 'G) — ' A , ^ 
^ T , . ( G ) ^ * A „ 
Charge transfer 
Charge transfer 
' T , — ' A , 
Charge transfer 
Charge transfer 
"E •*— ^r. 
Charge transfer 
4T,(F)*_^A^(F) 
<T, ( F ) . . — •'A,(F) 
Charge transfer 
•A, - •— -B, 
-E - . — =B, 
15,880 
19,750 
-
-
15,720 
15,560 
_ 
397 
4 i : 
0.69 
0.89 
463 0.90 
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octahedral Mndl) complexes. fMn^Cetdtc),! exhibits 
yellowish gieeii colour in that ab.sorb.s in the visible region 
at 24,630 cm' assigned lo ^ T^*- "A, transition. In addition, 
it also shows two charge transfer bands at 32,051 and 30,674 
cm'. The magnetic moment of Mn(Il) in [MnjCetdtc),) 
complex (5.72 B.M.) is close to the calculated spin only 
value indicating a tetrahedral arrangement of Mn(II) ion." 
The tetrahedral high-spin Fe(II) complex shows one 
spin allowed d-d transition in the visible region at 21052 
cm' corresponding to 'E*- 'Tj transition. The magnetic 
moment of tetrahedral Fe(Il) complexes lies between 5.0-
5.5 B.M. coiresponding to four unpaired electrons while 
we have obtained a value of 5.05 B.M. which is consistent 
with the tetrahedral nature," of Fe(II) ion in [Fej(etdtc)j]. 
For the tetrahedral Co(II) complexes two bands are 
observed at 15,600 and 22,471 cm' corresponding to "TjCF) 
*- "A.CF) and "T^ CF) •- A^jCF) transitions, respectively, in 
addition to a charge transfer at 27,000 cm'. The magnetic 
moment of tetrahedral," CoCIl) complexes lies in the range 
4.2 to 4.7 B.M. while for octahedral Co(n) complexes it 
falls between 4.4 to 5,5 B.M. The observed value in the 
present case is 4.38 B.M. The ligand field .spectrum and 
magnetic moment value suggest a tetrahedral environment 
around Co(II) ion. 
An important feature of Ni-S^ systems is the presence 
of high intensity absorption bands, which is also the case 
in present investigation. Two d-d transitions are observed 
at 15,503 and 23,696 cm' corresponding to the 'Aj^*-
'A| and 'B, •- 'A, transitions, respectively which support 
a square-planar structure for the Ni(II) complex.''' 
The green Cu(ll) complex shows two d-d ahsorption bands 
-E,*- -B, transitions, respectively and a charge transfer band 
at 24,570 cm'. It is well known that for .square-planar Q:(T1) 
complexes the magnetic moment value fulls in 1.82-1.86 B.M. 
while for tetrahedral Cu(II) ion, the/i^ .,, value is slightly higher 
(1.92-2.00 B.M.)." A value of 1.83 B.M. for Cu(II) ion has 
been observed which is well within the expected region found 
for square-planar Cu(Il) complexes. 
TGA/DSC 
The observed percentage weight loss corresponding to 
various steps in all the thermograms were compared (Table 
4) with those calculated on the basis of possible decom-
positions of the expelled groups.'* Generally the dithio-
carbamato complexes on pyrolysis either volatilize leaving 
behind negligible amount of residue or decompose to yield 
respective metal sulfide.'" In the present study the TGA 
profile consists of three well defined stages. The first stage 
starts above 100 °C implying that that there is neither water 
nor solvent molecule attached to the complex. The first 
degradation step starts at 145 °C and nearly 9% of weight 
loss is observed corresponding to two methyl groups as 
methane (Calc. 8.2%) and it continues upto a temperature 
range of 190 °C. The second stage of decomposition starts 
from 200 °C and continues upto 550 °C involving decom-
position of remaining organic moiety which constitutes 
approximately 65% (Calc. 64,2%) of mass of the complex 
leaving behind the respective metal sulfide,"^ Finally, the 
thennogram showed a straight line which did not change 
even on heating upto 700 °C indicating that there is no 
further change. Hence, respective metal sulfide is the end 
at 18,384 and 13,330 cm •' corresponding to ^ A,, «- ^B, and product of all the 
Table 4. Degradation of various fragments in the complexes [M,(edtc),l 
Complexes 
[Mn/etdlc),] 
[Fe,(etdlc)_,J 
[Co,(e(dtc),] 
lNi,(etdtc)_,J 
[Cu,(eldtc),J 
lZn,(etdtc),J 
lCd,(etdtc),] 
[Hg,(etdtc),] 
First decomposition stage 
Fragments 
Two 
methyl 
groups 
-do-
-do-
-do-
-do-
-do-
-do-
-do-
Temp. 
Range 
rc) 
142-190 
145-190 
145-192 
150-192 
147-194 
145-190 
147-194 
145-189 
Mass loss 
data % 
Found (Calc.) 
8.58 
(8.24) 
8.51 
(8.22) 
8.38 
(8.15) 
8.04 
(8.16) 
7.82 
(8.06) 
8.23 
(8.02) 
7.49 
(7.18) 
6.21 
(5.99) 
Second 
Fragments 
Whole 
organic 
moiety 
-do-
-do-
-do-
-do-
-do-
-do-
-do-
decomposition stage 
Temp. 
Range 
CC) 
200-550 
200-550 
200-550 
200-550 
200-550 
200-550 
200-550 
200-550 
Mass loss 
data % 
Found (Calc.: 
69.15 
(69.37) 
64.89 
(65.09) 
68.41 
(68.68) 
68.28 
(68.70) 
67,68 
(67,85) 
59,38 
(59.54) 
60.08 
(60,38) 
50,21 
(50.56) 
complexes. 
Final Product Metal Residue 
Fragments 
1 
2 MnS 
Fe,S, 
2CoS 
2 NiS 
2CuS 
2 ZnS 
2CdS 
2HgS 
Temp. 
Range 
rc) 
550-700 
550-700 
550-700 
550-700 
550-700 
550-700 
550-700 
550-700 
Mass loss 
data % 
Found (Calc.) 
21.88 
(22.36) 
26.29 
(26.62) 
23.06 
(23.12) 
23.27 
(23.08) 
24.27 
(24,03) 
24.59 
(24.36) 
32.59 
(32.32) 
43.68 
(43.47) 
Siddlqi el til. J. Bntz. Chem. Sue. 
The DSC profile exhibi ts eii thalpic changes from 
endothermal and exothemial bands and peaks. In the present 
case the DSC peaks conelaie well with theTGA data. A sharp 
endothermic peak is observed in the temperature range of 
150-200 "C due to the liberation of methane while a broad 
exothermic peak is obtained in between 300-400 °C due to 
the pyrolysis of the whole organic moiety. However, there is 
no well defined exotherm or endothemi corresponding to the 
last pit)cess of formation of metal sulfide. 
Conclusions 
The above work describes a convenient high yield 
template synthesis of ring type dithiocarbamates which 
can act as mcxlels to study the magnetic interaction between 
metal ions, and also mimic naturally occurring macrocyclic 
ligands. Furthermore, they can successfully be used as 
models for protein-metal binding sites in biological sy.stems 
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